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ANESTHESIA 

XXXIV. CnESiiCAL CoNSTirnnoN' op IlYDnocAnno-vs mtd Cahouc 
ACTOMATIC m-’ 

a. JEMiKIT CAItlt, JlAYilOND M. IIURGISOX, JAMES F. VITCHA, 

ANii JOU.\ C. KlUXTZ, Jn. 

of Phaniiacalorjyt of Softool of fferlietnOt liallioiorr. Mil, 

Ercrivctl for puhticntiori April 1*0, 10(!) 

Ill ti funner cominuiiicntion (I) (lie mitliors ilcmonstrolctl lliat eleven cj-clic 
and neyelic liydrocarlmns, when inlmlerl, K'nsitized the dog's myocanlium to 
epinephrine. On (he other hand, in twelve anininhs ethylene failed to prorluco 
sensititation under vaiying e.vperimental eonditions. Thus it npiiears that ethyl- 
ene is iinicpie, in this regani, among the hydrocarlmns studied liy u.s and also 
by Chcnowclii (2). 

It is known that tlie aliiihatic ethers lus a ehiss of anc.sthctie agents do not 
produce thi.s tyfie of myocardial sensitization. However, the nn.saturated hydro- 
carbon, etliylene, appears to bcliave in this r<'."i)ect similar to the .aliphatic ethers 
and dissimilar to tlio hydrocarbons. It Is the purpose of this investigation to 
pursue further the relationship lictwecn ehcmicid const itulion and myocartlial 
sensitization to epinephrine. 

Compounds studied. Consideration wa-s given fust to inner o.vides of liydro- 
carbons; such molecule.s ns ethylene o.vidc and propylene o.vide have stnictural 
properties common to the hydrocarbons and tlie etlicrs. Certain rare cyclic 
hydrocarbons, such as methyl cyclohutanc, were included. .Spiropontano, owing 
to its rclatioiLship to cyclopropane, was studieil. In addition, acetylene was 
tested to determine whether or not it behaved like its more saturated analog, 
ethylene. 

HxrrniHnNTAL i-nocnnuui:. EloctrocardioRrmiui, 11, wro rpcordcil from the 

unftnesthetized dogs. Epinojihriru’ hydrochloride ?=olu(ion, 1:100,000 (preserved with sodium 
bisulfite), was injected intr.'ivonou'ily, O.OI ingn^./hgm. Tho injection wn« made during n 
period of 25 to *10 second*!. At tlie end of the injection (usunlly the b<*giiining of the effect) 
anotlicr tracing wa.*? mode. 

Subsequently ench animal wna permitted to breathe n mixture of tho hydrocarbon in 
varying concentrations mi.xcd wth oxygen. With the liquid hydrocarbons the concentra- 
tioas were between 10 and 25 per cent. With the ga-scous compounds concentrations from 
15 to 00 per cent were u-^cd. Tho cfosed circuit procedure was employed. When the in- 
halation had continued for from 10 to 20 rainiitcs the foregoing experimental procedures 
were again carried out. 

HnsuLTs. Tlie various compounds studied and tlio results obscr\'cd arc shown 
in table 1. 

Discussion of hf.sults. In the dog, prior to tho inhalation of the compound, 

*The e\pcm?e of this invc.stigalion was defrayed in part by n giant from Tlic Ohio 
Chemical <tMfg. Co., Clevcliind, Ohio. 
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epinephrine produced slowing of the cardiac rate, accentuation of the T-wave 
and an occasional inversion of the QllS-complex. Under the influence of the 
hydrocarbons producing sensitization, however, multifocal ventricular ectopic 
tachycardia occurred in nearly all experiments. In some animals this passed into 
ventricular fibrillation and caused death. 

From the data in table 1 it vdll be observed that acetylene was incapable of 
producing sensitization similar to that produced by saturated hydrocarbons (2). 
In these dogs, exposure to acetylene- was more comparable to e.xposure to ethyl- 
ene that to other hydrocarbons. In four of the twelve animals some sensitization 
occurred, as evidenced by only a tachjmardia with occasional arrhythmia and 
not ventricular fibrillation. Three of the twelve dogs e.xposed to acetylene were 
exposed to cyclopropane on subsequent days. Not any of the three animals 
showed arrhythmias with epinephrine under acetylene; all three showed multi- 
focal ventricular ectopic tachycardia -with epinephrine under cyclopropane. 


TABLE 1 


KAilE OF COilFOtlKD 


KOMSEE ANTSUIS IS WHICH 
SENSinZAIlON OrilVOCAEDiml OCCHEEED 
AND NmiBEE USED 


Acetylene 

Ethylene (cat) 

Ethylene O.xide 

Propylene O.xide 

Spiropentane 

Vinyl Chloride 

Ethyl Chloride 

Isopropenyl Chloride 
Methyl Cyclobutane, 


4/12 

0/8 

0/2 

0/2 

2/4 

3/7 

5/6 

1/3 

2/2 


It appears that among the hydrocarbons, unsaturation reduces the incidence 
of myocardial sensitization. Thus exposure to ethylene (1) in our experience did 
not sensitize the dog’s myocardium to epinephrine. Nevertheless the introduc- 
tion of a methyl group into the molecule with the formation of propylene, pro- 
duced marked cardiac sensitization when inhaled. Similarly, acetylene produced 
only mild cardiac sensitization in certain animals with epinephrine. In three ani- 
mals the inhalation of methyl acetylene produced marked arrhythmias and some 
fibrillation without the injection of epinephrine. By examination of the data in 
table 1 it is observed further that sensitization with ethjd chloride was produced 
more often than with vinyl chloride in the eight animals studied. 

Garb and Chenoweth (3) conducted their studies on the papillary muscles of 
the cat’s heart. We considered it of interest to study the cat’s heart under ethyl- 
ene anesthesia in order to include another species. Accordingly, we anesthetized 
eight cats (eleven experiments) with ethylene-oxygen mixtures and subjected 
them to the experiment. Like the dog, they did not show sensitization. 

• “Airco” acetylene was purified by washing with water, concentrated sulfuric acid and 
20 per cent sodium hydro.xide solution, respectively. 


nVDIlOCAltnoN'S and CAIIDIAC AUTO.MATICI'n- 


3 


Garb and Chcnoncth (3) have auggcstcd the hjiiotliesis that diCferent con- 
centrations of tlio hydrocarbon reduce myocardial irritability in various por- 
tions of the ventricles. This gives rise to small temporaty blocks in the presence 
of certain sympathomimetic amines. Our findings indicate that the changes in 
myoc.'irdial irritability arc much less marked with unsaturated hydrocarbons 
than with s.aturatcd compounds. Indeed we have failed to produce the classical 
effects of sensitization in any of twelve dogs or eight cnt.s with ethylene. However, 
with acetylene, sensitization of a minor degree was produced in four of twelve 
dogs when this hydrocarbon was inhaled. 

It appe.ara therefore that sensitization of the myocardium is disfavored by 
dotible and triple bonds between the carbon atoms in the inhaled hydrocarbon. 
Ilowever, failure to sensitize seems to be a matter of degree and not the absolute 
absence of some incipient effect. We have not been able to correlate these obser- 
vations with various differences in the phy.sicnl properties of saturated and un- 
saturated hydrocarhons. Xcvcrthelcss a distinct diminution in the degree of 
myocardial sensitization does appear to be associated 'with the presence of unsat- 
uration in the molecule. 


COXCLUSIONS 

1. Tlic capacity of acetylene to sensitize the dog’s myocartlium to epinephrine 
appears to be intermediate between ethylene and saturated hydrocarbons. 

2. Ethylene failed to sensitize the heart of the cat to epinephrine. 

3. It appe.ars that vinyl chloride produces sensitization of themyocardium 
less fretiuently than does its saturated analog, ethyl chloride. 

AcKNom-KDOESiENT. Tlic autliors wish to express their thanks to Dr. Robert 
H. Ostcr, of the Department of Physiology of this school, for his assistance in 
the interpretation of the electrocardiograms. 
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ON THE METABOLISM OF HISTAMINE. A. URINARY 
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A. Urinary excretion following oral administration. On a basis of earlier inves- 
tigation it had been assumed that little or no histamine is normally excreted in 
the urine and that administered histamine is almost completely destroyed in the 
body. However, it was demonstrated by Anrep ct al. (1) that histamine occurs 
normally in the urines of various species of animals; the amounts were largely 
dependent on the dietary composition. It was further shown by them that his- 
tamine exists in the urine in two forms: a biologically inactive conjugate that 
can be converted into free histamine by acid hydrolysis, and free histamine. 
The urines of carnivora contained chiefly the conjugate, while in herhivora 
mainly free histamine was present. Following oral administration of histamine 
to dogs they recovered from 3 to 5 per cent in the urine, as a conjugate. In an 
independent investigation, Alexander (2) recovered in the urine an average of 
37 per cent of the histamine injected intravenously into mice. Dale and Laidlaw 
(3) obtained evidence of a biologically inactive derivative in the urine of a cat 
following subcutaneous injection of histamine. 

Wo have carried out a study of the excretion of histamine in the urine following oral 
administration to mice, rats, rabbits, guinea pigs, and dogs. The method of determination 
was a colorimetric procedure applied after preliminary purification of the samples (4). 
Colorimetric tests were carried out on urines that had been freed of ammonia and subjected 
to the cotton acid succinate (CAS) method of purification of Meintire, Roth, and Shaw (5). 
The difference in values before and after acid hydrolysis represented the conjugated hista- 
mine. Details of the procedure have been previously described (4) . 

Corollary evidence of the specificity of the method was obtained in several of these 
e.xperiments by parallel tests with a purified diamine oxidase (histaminase) preparation 
and, in some urines by bioassay upon the atropinized guinea pig ileum. 

Histamine dihydrochloride (synthetic) was used in all experiments. It was administered 
in neutralized solution through a stomach tube. Urines were collected in metabolism cages, 
although in rabbits and dogs catheterized specimens were obtained when possible. The 
diet of rats, mice, and guinea pigs consisted of commercial pellets. Guinea pigs received 
supplements of cabbage. Rabbits were maintained on cabbage and oats, and dogs on milk 
and bread. Food was withheld for eighteen hours prior to the experiments. All values are 
expressed as histamine base. 

Results. Mice. Groups of three to five female albino mice of IS to 22 gm. 
weight were given 2 mgm. of histamine base each, in a volume of 0.2 to 0.4 cc. 
by stomach tube. Two cc. of 0.9 per cent NaCl were injected subcutaneously to 
promote diuresis. The pooled urines after seven hours contained most of the his- 
tamine excreted; an average of 21 per cent of the amount administered was pres- 
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ent as free histamine, and 3.7 per cent as the conjugate. The concentration of free 
histamine was checked in two 7-hour samples bj' bioassay. The total excretion 
in 48 hours averaged 26.3 per cent free and 8 per cent conjugate (fig. 1). 

Rats. Single oral doses of 20 or 40 mgm. of histamine were given to albino rats 
of 180 to 220 gm. weight. Urines were collected in individual metabolism cages. 

The total excretion of free and conjugate was of the same order as found in 
mice; during the first sixteen to eighteen hours, the histamine was largely in the 
free form, while later samples contained chiefly the conjugate. In four rats the 


TABLE 1 

The Urinary Excretion of Histamine in Guinea Pigs SO mgm. histamine base 

orally to each animal 


Houas ATTEa ADMINISTRATION 

URINARY EXCRETION 

TOTAL EXCRETION 

Free 

Coniugate mgm. 


7 

0 

0.27 

1.3 

24 

0 

1.46 

7.3 

48 

0 

Trace 

8.6 

7 

Trace 

0.39 

1.95 

24 

0 

0.66 

3.3 

48 

0 

0.07 

0.35 




5.6 

7 

0 

0.23 

1.15 

24 

0 

0.37 

1.85 

48 

0 

0 

3.0 

7 

0 

0.20 

1.0 

24 

0 

0.28 

1.4 

48 

0 

O.OS 

0.4 




2.8 


urines at sixteen to eighteen hours contained an average of 18 per cent of the 
administered dose as free, and 1.7 per cent as conjugate; urines collected at 18 
to 72 hours averaged 0.8 per cent as free histamine and 11 per cent as the con- 
jugate (fig. 1). 

Guinea pigs. Four guinea pigs of approximatelj’’ 400 gm. weight were given 20 
mgm. histamine orally. The total 48-hour excretion averaged 5 per cent, almost 
entirely as a conjugate (table 1). 

Rabbits. Adult male rabbits were given doses of 40 to 100 mgm. per kgm. of 
histamine orally. In nine rabbits receiving 100 mgm. per kgm., the 24-hour ex- 




















TABLE 2 


Urinnry Kicrelion of Fret onrf Conjugaied Uistav\ine in Fahbits 
FollQ\tino Ora,} Adminislratton 


trr. tcu. 

post 

uc»./i:cu. 

novtn 

Arret Aoyis*' 
UTtATtOM 

vxnfAxv excicnox* 

COVCI-StlATIOK IS 
VtlVC 

1 rzt CTST 

mcm. 

per ccat | 

I'lee j 

ConIusAt« 





■■ 

nicretTii 

m fn it. 


go;; 

100 

6.5 

1.21 



53.1 

43 



21 

4.01 


1 “15.4 

07.0 

5S 



32 

0.31 



1 12.3 




4S 

1.0 

0.5 

0 

12.3 


1.57 

100 

23 

2.50 

l.C 

4.3 

49.0 

02 

I.W 

100 

23 

; 2.37 

1.3 

4.3 

26.0 

SC 

2.-1C1 

100 

5.5 

1.01 

1 0.4 

CG.l* 


G3 

1.G9 

7o 

6.r, 

0.3S 


17.0 

37,7 




21 

2.85 

o n 1 

s.o 

21.1 : 




' 4S 

2.2S 

1. 8 j 

C.7 

35.7 j 


1.28 

75 

B 

1 

0.49 j 

0.5 , 

35.3' 

02.7 

1 


2.58 

75 


0.81 ! 

1 

0.4 

154.0’-* 

197.0 

56 

1.0 


6.5 ; 

0.22 i 


2.0* 

S.O 

72 



24 ! 

1.31 

3.3 1 

0.0 

10.3 

05 

1.23 

40 

6.5 

0.4S i 

1.0 

2.7* 

c.s 

72 



21 

O.CS 1 

1.4 1 

0.5 

2.8 

85 

3.40 

100 

21 

12.0 

3.7 






4S 

1.39 





1.S7 

100 

21 

5.7 







4S 






1.51 

100 

21 

2.33 

2.5 






4S 

0.21 





1.55 

100 

24 

1.C7 

1.1 






45 

3.59 

2.3 




2.2S 

100 

21 

lO.So 

4.7 






4S 


0.1 




2.02 

100 

24 

7.23 

3.0 






48 






l.W 

75 

24 

1,22 







48 



1 




*Xon cumulative values for free plus conjugated histamine, excreted between the 


intervals listed in the third column. 

‘ Free histamine (eluted from CAS pad) confirmed by destruction by histaminase. 
* Free histamine confirmed by bio^aasay (guinea pig ileum). 
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cretion averaged 2.58 per cent; in seven of them the excretion during the 24- to 
48-hour period averaged 0.5 per cent of the administered dose (table 2). During 
the first 24 hours the conjugated histamine varied from 43 to 100 per cent in the 
individual experiments. The basis for this variation is not knoAvn. A general 


TABLE 3 

Urinary Histamine Following Oral Administration to Dogs 


msTAitiitT: oEALty 

j HOOTS AFTER Aavan- 

UEINAEY EXCBETIOJf 

TOTAL EXCEETIOJJ 

1 

free 

total 


mgm. 


mgm. 

mgm. 


282* 

control 



— 



5 hours 

— 

trace 



21 

0.097 

4.0 

1.4 


29 

0.40 

6.75 

2.4 


48 


5.25 

1.9 





5.7 

391* 

control 

1 

— 



5 

i 

trace 



21 

0.241 

4.87 

1.25 


29 

0.336 

4.62 

1.18 


48 


5.2 

1.33 





3.76 

200 

control ! 







1.0 

0.5 


24 

trace 

22.5 

11.2 


32 


12.0 

6.3 

1 

48 


3.0 

1.8 

j 




19.8 

200 ! 

control 


— 



Qh 

.067 

1.8 

0.9 


24 i 

.080 

13.3 

6,6 


32 


1.37 

0.68 


48 


1.07 

0.53 





8.71 


* 30 mgm. per kgm. of histamine base. ** — Signifies negative. 


parallelism was observed between the percentage of free histamine c.xcretion and 
the manifestations of toxicity. 

In the period from 24 to 48 hours, from 84 to 100 per cent of the histamine in 
the urine of rabbits was present as a conjugate. 

Further evidence of the validity of the results obtained with the colorimetric 
test upon rabbit urine was furnished by a few experiments with diamine oxidase 
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(tiislnniiniHe) nnd by bioasaay upon the atropinizccl guinon pig ileum. The liis- 
tiiminn.'io studios Mere carried out rvilh a highly purified cnzrunc preparation (0). 
Tests M'ere made botli upon diluted urines and uiion the neutralized acid eluale.s 
from tlie CAS pads. Salisfaetoo" ngreement in the results rvith the diflercnt 
mcthod.s wa.s obtained. 

Dogs. Tolloiving the oral administration of 30 to ISO mgm. of liistamino base 
to dogs, .Vnrep and coivorkcr.s (I) reeovered from 3 to 5 per eent in the urine, as 
n conjugate. 

The re.sults of four c.xperimeuts we liave conducted upon dogs arc shown in 
tables. Hecauso of the occurrence of conjugated hi.stnminc in the urine of dogs on 
a meat diet (I), they Mere kept on milk and bread for several days prior to the 
experiment. It was also found nccessnrj' to morphinize the dogs (10 mgm. per 
kgm., subcutaneously) licfore tbe administration of hist.amino, to prevent vomit- 
ing. 

From 3.7G to 19.8 jicr cent of the admini.stcrcil dose (200 to 391 mgm.) appeared 
in tbe urine. From traces to 7 per cent of the amounts present in individual 
samples was cstimateii ns free histamine, on a basis of its behavior towards the 
C.\S pads. 

Toxicity of orally administered histamine. Toxic mnuitcsiation.s have been 
obsen'cd in all of the spocie.s studied. While it is kiimni that histamine intro- 
duced into the alimcnLaiy ean.al can be ab.'orlKd, and that lowering of blood 
pre-s-suro and stimulation of gastric secretion can bo produced, no real toxicity 
by this route had been cstiddishcd (7). 

llccently Parrot, Gabo, and Hcrrault (8) reported an LDm of approximately 
0.165 gm. per kgm. orally for guinea pigs, with 6 per cent mortality at 0.00 gm. 
per kgm. The lesions produced were characteristic of histamine intoxication, 
plus ulceration, and in some instances, perforation of the gastric mucosa. 

Our results on guinea pigs arc in agreement with those of Parrot and co- 
Morkers. We have also carried out toxicity studies on rabbits and mice rvith 
results shown in table 1. The LDjj for rabbits was approximately 0.1 gm. per 
kgm. Eight of thirteen rabbits that succumbcil to 0.1 gm. per kgm. shmved evi- 
dence of gastric perforation at mitopsj-. The values for mice were obtained from 
several cxiwriments performed over a periorl of one year, and the irrcgidar re- 
sults indicate variations in toxicity that wc h.avc been unable to correlate with 
Ec.ason or preliminary fasting. Female mice from one source were used. It is of 
intcrc.st that the oral toxicity for mice nnd rats is much closer to the parenteral 
toxicity than it is in the more susceptible species studied. 

Guinea pigs and mice sacrificed within 30 minutes .after oral histamine shoned 
considerable congestion of the stomach, small intestines, kidneys and spleen. 
After several hours the congestion was decreased but much fluid was present in 
the intcstin.al canal. 

■Mice and rats arc relatively resistant to histamine. By intravenous injection 
they can tolerate from 200 to 1000 times as much ns guinea pigs and rabbits. 
The demonstration that a large percentage of the histamine administered to mice 
and rats is excreted in the urine unchanged is evidence that their tolerance is not 
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based upon conjugation or destruction of histamine. In fact the results in this 
study show a much more active destruction of histamine in those species sensitive 
to histamme than in mice and rats. 

B. The conjugation of histamine hy liver -preparations in vitro. Following the 
demonstration by Anrep and coworkers (1) that histamine can occur in the urine 
in the form of a biologically inactive conjugate, attempts have been made to 
establish the nature and site of conjugation. These authors suggested the intestine 
or liver as the probable site. 

TABLE 4 


Toxicity of Orally Administered Histamine for Rabbits and Mice. Values Expressed as 
Histamine Base; 4 to 8 per cent Solutions Neutralized Before Administration 


NUlfBER OF RABBITS 

DOSE Gil. PER KGM, 

NintBER OP DEATHS 

PEE CENT MOETALITV 

3 i 

0.040 1 

1 

33 

10 

0.075 ! 

2 

20 

26 

0.100 

1 

14 

54 

JfUMBER OF MICE 

i 



40 j 

0.100 

5 

12.5 

20 

0.200 

4 

20. 

30 

0.400 

1 

3.3 

30 

0.800 

4 

13.3 

20 

1.600 

10 

50. 

MICE INTRAFERITONEAL 
INJECTION* 



i 

10 

0.2 

0 

1 

0 

10 

0.4 

0 

0 

10 

0.8 

7 

70. 


* These experiments were carried out simultaneously with those in which an LDso of 
approximately 1.6 gm. per kgm. was obtained by oral administration. 


The chemical behavior of the conjugate suggested that it might be acetyl 
histamine, 4((3-acetyl aminoethyl) imidazole (4). This compound was later iso- 
lated in crystalline form in appreciable amoimts from the urine of dogs, following 
the administration of histamine orally, by Tabor and INIosettig (9). Urbach (10) 
likewise demonstrated acetyl histamine in the urine of man and the dog, by the 
use of paper chromatography. He also observed acetylation upon the addition 
of histamine to the large intestinal contents and stools, and suggested the large 
intestine as a site of conjugation. The available evidence indicates that acetyl 
histamine is the principal, if not the only, conjugation product. 

Preliminary studies in the rabbit following oral administration of histamine 
have shovm the presence of the conjugate in the liver and bile (11). Likewise the 
conjugate has been demonstrated in the urine following the subcutaneous ad- 
ministration of histamine to normal rats and to rats with the entire intestinal 
canal below the stomach removed (11). These results indicate that conjugation 
can occur outside the alimentary canal, and e.vperiments described below demon- 
strate that liver preparations in vitro are capable of conjugating histamine. 
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Mimioos. Free nnd conjupnted hifttftminc were detemwnod by ji colorimetric method 
previously described (4). When applied to tricbloroacclic acid extrnclfl of tissues, it was 
necessary to remove the trichloroacetic acid before the extract could I>c put throuph the 
cotton acid succinate (CAS) pad for purification. 

This tedious step has been avoided by Iho use of mclaj)hoaphoric acid ns a protein pre- 
cipitant, since sodium mclnphosphato in the amounts required is not extracted by butanol 
in quantities sufTicicnt to interfere with the CAS pads. Sulfuric add extracts of tis.sues can 
also bo used for tlic determination of free histamine by this method (12), but tliey are 
less satisfactory for total histamine becauso of incomplete protein precipitation. 

The weighed tissue is ground with acid washed aaiui in a mortar, with one volume of 
25 per cent metnphosphoric acid and three volumes of water. After standing 20 minutes 
it is filtered. 

For the determination of free histamlne,4 cc.of the filtrate are cooled in ice and neutral- 
iictl (spot teat with phcnolphthalcin) with 5 iV eodinm hydroxide (approximately 0.4 co). 
To this ore added 1.4 gm. of the salt mixture (5), and the solution is extracted with5 cc. of 
butanol. The butanol extract is p-xssed through a CAS pad, which is later washed with I cc. 
of 0.014 M trisodium phosphate to remove any conjugated histamine; free histamine Is 
eluted from tho pad with acid, and the colorimetric test applied to the cluatc. The details 
have been previously described (4). 

Conjugated histamine is determined as the increase in free IiLstamine which occurs upon 
acid hydrol>*sis. Four ce. of the metnphosphoric acid fdtrate are hydrolyzed in a test tube 
with 0.2 cc. of 10 iV sulfuric acid for three hours in boiling water, with occasional addition 
of water to prevent evaporation to drj'ne.<ys. The hydrolyzed extract Ls washed into a 
graduate with approximately 2 cc, of water, cooled in ico and approximately 1.1 cc. of 5 
iV sodium hydroxide slowly added to bring the pH of the solution to 11.5 to 12 (a spot test 
with indigo disulfonate begias to turn green). The final volume is made up to 4.6 cc. Tho 
salt mixture and butanol aro now added, and aeration carried out if considerable ammonia 
is present. 

Rabbit or pigeon livers arc removed immediately upon cxsanguination. Thin slices or 
minced tissues of approximately 1 gm. weight are placed in small ila-sks containing 4 cc. of 
Krebs’ Ringer-bicarbonate solution or Ringer-phosphate bufTcr (13) of pU 7.4. Sodium 
acetate is added to give a final concentration approximately O.OI molar. Following histamine 
addition tho flasks arc either incubated at 37®C. with a slow stream of Do per cent 0| and 6 
per cent CO| bubbling through, or those w-ilU phosphate buffer are shaken in a water batli 
at 37"C. 

In t!ic fresh liver preparations the two processes of (a) conjugation and (b) 
destruction of histamine by Iiistaminasc proceed simultaneously under aerobic 
conditions. In our experiments, 1 gm. of fresh pigeon liver destroyed from 13 
to 90 microgm. of histamine in tho course of five hours. 

If a small amount of histamine is added destruction maj' take place before 
appreciable conjugation lias occurred. If a Inigc c.\’ccs3 is used the technical diffi- 
culty is encountered of determining small quantities of conjugate in tho presence 
of large amounts of free liistaminc. To obviate this difficulty, where a largo 
excess of histamine is present, the flasks are incubatctl with a purified diamine 
oxidase (Iiistaminase) preparation (0) for an additional one or two hours at the 
end of tlie experiment. In this way most of the free histamine is destroyed while 
the conjugate is not athickcd. At the end of this period the metaphosphoric acid 
extracts arc prepared and analyzed for free and conjugated histamine. 

Several experiments with rabbit liver slicos'showed conjugation of added his- 
tamine, but the activity was varkiblc. Since the process was believed to be an 
acetylation, and since pigeon liver has been found to bo a favorable source for the 
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acetylation of suKanilainide (14, 15), experiments were repeated upon pigeon 
liver preparations; more consistent results were obtained, with from 10 to 20 
microgm. of histamine conjugated per gm. of wet tissue. The results of three 
experiments with fresh liver preparations are shonm in table 5. 

TABLE 5 


In Vitro Conjugation of Histamine by Liver Preparations 
All values are expressed on basis of microgm. per gm. of fresh tissue 


1 

ANIMAL LI\TR PREPARATION ' 

1 

MICROGRAit 

OP HISTAMINE BASE 
ADDED 

TIME HRS. 

1 

MICROGM. or 
HISTAMINE CONJU- 
GATE FOUND 

PERCENT CONJU- 
GATED 

Rabbit, slices 

22 


4.7 

21. S 

Pigeon, slices 

129 

6 

19.4 

15 

Pigeon, minced 

50 

4.5 

10.5 i 

1 1 

21.5 


TABLE 6 


Conjugation by "Aged’’ Extracts of an Acetone Powder from Pigeon Liver 


AMOUNT OF POWDER 

HISTAMINE ; 

ADDED, 

MICROGRAM 

PERIOD or 
INCUBATION, 
HOURS 

TREE 

HISTAMINE, 

1 MlCROGR.\l£ 

TOTAL 

HISTAMINE, 

MICROGRAM 

PER CENT 
CONJUGATED 

100 mgm 

50 



4C 

— 

100 mgm.* 

50 



26 

— 

100 mgm. + 15 units CoA i 

50 



43 

40 

100 mgm. + 15 units CoA* 

50 

I ^ 

Trace 

17.7 

35 

200 mgm. powderf 

50 


3G 

36 

1 

200 mgm. + 15 units CoA 

50 

4 

Trace 

30 


200 mgm. + IS units CoA 

50 

4 

Trace 

36 

72 

100 mgm.* 

SO 

1 

11.4 

12.1 

— 

100 mgm. + 11 units CoA* 

50 

1 

10. 

23.2 

26 


* Histaminase added at the termination of the experiment. 

1 100 mgm. at start, 100 mgm. after 2 hours. 

The medium employed is described by Kaplan and Lipmann (17) , and contains adenosine 
triphosphate, acetate, citrate, and cysteine. A volume of 1 cc. was used in the first e.xperi- 
ment and 2 cc. in the lower two. Incubation was carried out in small test tubes at 37° C. 
in air. 


Advantage was taken of the fundamental studies of Lipmann and coworkers 
(14, 16, 17) upon the enzjrae system involved in certain biological acetylations. 
Employing the acetylation of sulfanilamide as a model, they have obtained an 
active enzyme preparation from an acetone precipitate of pigeon liver, and have 
isolated, and partially identified chemically, coenzyme A, which is required in 
the reactioir. Acetylation proceeds in the presence of adenosine triphosphate, 
sodium acetate, and cysteine. 

We have carried out studies upon the conjugation of histamine, employing an 
acetone powder of pigeon liver and a coenz}’me A preparation (potenej’' of 15 
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units per mgm,) Idiully supjilicd by Brs. Lipmnnn and Novelli, ns ^vcll as similar 
preparations made by us. TJic conditions employed were those described by 
Kaplan and Lipmnnn (17) for iho assay of coenzyme A, The results of three such 
experiments arc shown in table 0. Similarly to tlic acetylation of sulfanilamide, 
the conjugation of histamine proceeded only in the presence of cocnzymcA.lt 
remains to be determined whether cnzj*mntic deacctylation (15) also takes place 
under the conditions of these cx})crimcnts. This evidence, along with llie recover}’’ 
of acetyl histamine from the tirinc (9, 10), suggests tliat the nature of the reac- 
tion is an acetylation. It has not been established whether the cnz}Tno involved 
in the conjugation of histamine is the same ns that which ncctylatcs sulfanila- 
mide. 

Tlio histarainaso activity obscr\*cd in fresh pigeon liver slices was largely 
absent in the acetone powder obtained from Drs. Lipmann and Novclli, and in 
two similar powders which wo have prepared. 

8U1LMAUY 

The excretion of free and conjugated histamine in the urine has been deter- 
mined after oral administration to mice, rats, rabbits, guinea pigs, and dogs. 
In mice and rats up to 37 per cent of llic administered dose could be recovered 
largely in the free form. In tljc other species from 3 to 20 per cent was recovered 
chiefly as conjugated histamine. 

Ibdjbit and pigeon liver slices in vitro were capable of conjugat ion of lustamino. 
Conjugation was also obtained with a cell free extract prepared from an acetone 
powder of pigeon liver; with this preparation it was shown that coenzymo A is 
required for the process. 
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THE BRONCHODILATOR ACTIVITY OF SOME ANALOGS 
OF N-ISOPROPYLARTERENOL (ISUPREL)i 

0. H. SIEGMUND, NETTIE BEGLIN and A, M. LANDS 
Biology Division of the Slerling-Wintkrop Research Institute, Rensselaer, New York 

Received for publication May 14, 1949 

Since Konzett’s (1) disclosure of the high bronchodilator activity of l-(3',4'- 
diliydroxyphenyl)-2-isopropylaminoethanol (Isuprel), various investigations 
(2-4) have been carried out v’ith this drug and its analogs in an effort to deter- 
mine the structural requirements for this action. Corrigan, Langermann and 
Moore (5) have prepared a series of N-substituted analogs of l(3',4'-dihydroxy- 
phenyl)-2-aminoethanol and these were made available to our laboratory for 
pharmacological evaluation. The results obtained are described here and repre- 
sent an extension of an investigation of the effects on bronchodilator and cardio- 
vascular action (2, 3) of varying the N-allcyl group. 

Method. The method for producing experimental asthma in guinea pigs herein de- 
scribed is a modification of the technics employed by Schaumann (6), v. Issekutz (7) and 
Loew (8). Briefly, it consists of blowing into a glass chamber containing the guinea pig 
a histamine mist produced by an ordinary commercial nebulizer using a 0.2 per cent solu- 
tion of histamine diphosphate. The technic has been described in detail in a previous 
publication (2). Results are recorded in minutes under two columns designated onset and 

DtTKATION. 

Results. The results of the histamine aerosol tests are reported in table 1. 
The comparative doses listed are based upon the amount of drug necessary to 
increase the reaction time approximately 100 per cent over the control time 
obtained from untreated guinea pigs. 

The N-isopropyl drug (Isuprel) caused the greatest amount of bronchodilata- 
tion, showing two and one-half times the potency of the N-n-butyl analog, the 
next most active bronchodilator drug by this test. Increase in the size of the N- 
alkyl group appears to decrease the bronchodilator effect, as with the n-amyl 
(WIN 5596), while branching of the side chain appears to contribute marked^^ 
to activity, since the isopropyl analog shows ten times the activity of the N-n- 
propyl (WIN 5587) derivative. Both the cyclopentyl and cyclohexyl analogs 
(WIN 5591 and WIN 5589) were found to be comparatively weak broncho- 
dilator drugs, but were much more active than branched N-alkyl derivatives 
larger than isopropyl, namely the 3"-amylamino (WIN 5592) and the isobutyl 
(WIN 5595) compounds. These latter drugs show the marked diminution in 
effect which characterizes compounds with large branched-chain alkjd sub- 
stituents. 

The drugs were also tested by the lung perfusion method of Sollman and von 
Oettingen as modified by Thornton (9). The results are summarized in table 2. 

* Isuprel is the registered trade mark of Winthrop-Stearns, Inc. for racemic l-(3',4'- 
dihydro.xj'phenyl)-2-isopropyl-aminocthanol hydrochloride. 
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WIN 5590, tlio n-butj'I antilog of Isoprel, is one of the most nctivo bronchodilators 
in the intact animal, but shows relatively poor action in tbe perfused lung. The 
activity of the cyclopcntyl analog of Lsuprol wa.s surprising inasmuch ns it was 
slightly more potent than Isuprcl (ratio of O.ll) in the perfused lung, whereas 
in the intact animal this substance was found to he less potent than Isuprel, 
both by simultaneous aerosoliration (table 3) and by the histamine asthma 


TADLE 1 


Dronfho'iilator action of eight anatogt of Isuprel against bronehoconstriclion in guinea pigs 
induced by histamine aerosols 


OH 











Aw 

V** H 

I i 1 

stuccrne 

yo. or 
txm. 

oov. 

COVTtflL 

KXrZtIUEKTALt 

W' 

ClEAfiC 

ovrt 

fox- 

TlUC 

Amox. 

iirriti. 

fATtO** 

lOXlC- 

rtv 

OH H 















Dnwt 

Dur** 

Ontel 

Dur*- 



n.v. 





of 

tion of 

of 

tion of 

r<r 


nsouie) 

WIS 




•jmp- 

ei- 

tynf>- 


cent* 


•£C' 





tom* 

pMUtC 

tOQ} 

po*ufe 







min. 

"fll. 

nfa. 

fin 



/ 

Isuprcl 

isopropyl 

20 

luwl 

0.72 

1.13 

1.47 

2.K! 

ns 

1 

8.1 

f>5S7 

n*j)ropyI 

7 

0.10 

0.4$ 



1.6$ 

137 

10 

05 

MOO 

n-bu«vl 

7 


0.4G 

foBl 


1.40 

115 

2.5 

85 

5590 

fi-nmyl 

It 


mtKiim 

1.12 


2.52 

145 

10 

Kh 

5503 

a-tnethyl 

7 

Em 

0.55 

O.Dl 


1.40 

Ka 


07 


jsohutyl 










5501 

cyclopentyl 

14 


0.46 


■iiwa 

1.2$ 

01 


53 

5550 

cyclohcxyl 

M 


0.C7 


1.45 

MM 

S7 

12 

07 

5592 

3* amyl- 

7 


O.GO 


■wgl 

IQI 

77 

EM 

75 


amino 










5505 

isobutyl 


0,25 



Uiii 


S7 

43 

CO 


• l*cr cent Increase represents tlie average iocreasc over control for onset and duration 
times obser\'cd after administration of the test c*ompound. 

•• Approx. Isuprcl ratio mgm. test drug causing 100 per cent time incrcase/mgra. 
Isuprel causing 100 i>cr cent time increase; all values expressed in terms of. the hose. 

t ONSET equalled the time necessary to jiroducc prominent BjTnptoms, namely, the 
increase in respiratory frequency, forced inspiration, etc. duhation rcpre.sents the total 
time from exposure until asphj'xial convuUioits or collapse were produced. 

tests as (Icscribctl elsc'vhcre (2). There appears to be no readily apparent e.\'- 
planation for this variance. 

The most active derivatives in this group were compared directly with Isuprel 
by aerosolizing the bronchodilator drug rather than bi- intrapcritoncal injection. 
The concentration of the test drug neccssar}* to provide approximately equal 
increases over the control times was used ns tlie basis for comparison. Both his- 
tamine and the test dnig were placed in the nebulizer and aerosolized simul- 
taneously. The results arc shomi in table 3. Tlie differences in the effectiveness 
ratios obtained in these tests arc much more marked than in the c.xperimcnts 















TABLE 2 


Bronchodilator action of eight analogs of Isuprel against histamine-induced constriction in 

perfused guinea pig lungs 


COilPOUND 

NUMBER 

EXBEmiENTS 

i 

BRONCHODILATOll ' 
DOSE (microgm. 1 
1 OF BASE) 

RESPONSE TO 
HISTAMINE* 

RESPONSE TO 
HISTAMINE -f- 
DIIATOR 

ISOPREI, 
RATIO* * 




cc./min. 

cc./tnirt. 


Isuprel 

6 

1.0 

53/19 

50/57 

1.0 


6 

2.5 

64/30 

57/66 

5591 

6 

0,43 

72/32 

65/59 

0.41 


6 

0.65 

56/22 

53/5S j 

1 

5589 

6 

3.9 

68/33 

61/46 ! 



6 

7.7 

67/32 

61/66 i 

5.2 


6 

39 

51/24 

50/56 


5593 

6 

4.0 

64/32 

62/53 

4.4 


6 

8.0 

51/17 

48/59 

6592 

i 

6 

4.0 

50/27 

49/41 

4.5 


9 

8.0 

50/21 

46/53 

6595 

6 

8.6 

66/33 

60/45 



6 

21.5 

63/31 

61/70 

14.4 


6 

43.0 

55/25 

42/55 


5587 

6 

3.9 

57/26 

55/50 



6 

5.8 

63/21 

49/59 

3.6 


6 

1 

7.8 

57/25 

54/62 


5590 

8 

4.3 

65/24 

51/41 

6.0 


9 

8.6 

64/29 

55/58 

6596 

8 

2.1 

62/29 

66/49 

2.5 


8 

4.3 

51/15 

43/48 


* Constriction induced by injecting 10-30 microgm. of histamine acid phosphate directly 
into the perfusion cannula just above the lungs. 

** Expressed as multiples of the effective dose (ED 100) of Isuprel. All doses expressed 
in terms of the base. 


TABLE 3 


Comparative antihistaminic activity of two analogs of Isuprel when aerosolized with histamine 


COMPOUND 

vrm 

1 

NO. EXP. 

DOSE* 

(dilution) 

! 

CONTROLt 

EXPILt 

INCREASE 1 
PER CENT** ! 

APPROX. 

ISUPREL 

RATIO It 

Onset o£ 
symptoms 

Duration 

of 

exposure 

1 

Onset o! 
symptoms 

Duration 

of 

exposure 

Isuprel 

19 


0.55 

0.96 

1.63 

. 2.33 

165 

1 

5590 

6 


0.68 

1.06 

1 1.75 

2.50 

147 

40 

5591 

8 


0.45 

0.86 


1.90 

132 

60 


* Dose expressed in terms of the base. 

** Average per cent increase of both onset and duration times, 
t See footnote to table 1. 

tt Expressed as multiples of the effective dose of Isuprel. All doses expressed in terms 
of the base. 
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wherein (ho drugs wore injected intrapcritoncally, where the dosage is pieciselj- 
controlled. Both the cj’clopentyl and the n-butyl derivatives were found to bo 
distinctly less active. The cyclopentyl analog shows about two-thirds as much 
activity ns the n-butyl by the simultaneous aerosolization tc.st, whereas in the 
histamine asthma te.st it li.as only onc-tcnlh as much bronchodilator effect. 

To.vicity results arc shown in table 1. Bcsults are c.V])resscd as the approxi- 
mate LDio and were determined by intravenous injection into albino mice. The 
animals were housed under conditions of constant humidity and temperature. 
The toxicity of I.suprcl rvas found to lx? comp.arable to (hut of drugs in the 
.‘■erics possessing low I.suprel ratios, hut these differences arc small. These drugs 
generally have a large thcrapeulie ratio. 

Discussion'. Wliile Isuprcl is, perhaps, .still the most potent bronchodilator 
substance, with its stnicturo fulfilling most ne.arly the apparently sjiccific re- 
quirements for bninchodilation, it still has certain undesirable sido-cfiiects 
(h.ands, 3). Since Konzett (I) and others (2-t) have dcmonstrotctl that the cate- 
chol nucleus .and the presence of an alcoholic hydroxj l on the beta carbon of (he 
side chain arc important for effective bronchodilation, vnri.ation in etracturc in 
this series was made only by varj'ing the substituent on the amino nitrogen. In 
a previous investigation (2) it was suggested that the straight chain N-allcyl 
derivatives were only slightly active. This finding is in agreement with (ho rc.sults 
wo h.avo obtaineil with the n-iiropyl and n-amyl analogs of Isuprcl. However, 
the n-butyl derivative shows a very high activity in the intact guinea ])ig, al- 
though this is not aiiparent in e.xporimcnts on the perfused lung (sec tables 1 and 
2). This may indicate that the n-bulyl group undergoes some chiuigo in the in- 
tact animal that renders it more potent, while in the isolated lung this docs not 
occur. Certaiu drugs may also have their pharmacologic effects diminished when 
applied directly to the musculature of the bronchi, ns witness the dillcrence in 
elicct of the n-butj'l analog in the intact animal when given intrapcritoneally, 
when injected into the perfusion system of the isolated lung, or aerosolized 
directly into the lungs of intact animals. This latter technic yields results agree- 
ing better with those obtained with the isolated perfused lung. This is not sur- 
prising, since the two technics are C5.«cntially the s.amc. It should not be neces- 
s.ar}' to point out that in evahaating these data the results obtained with the 
intact animal arc perhaps most significant inasmuch ns the conditions of the 
u.xpcrimcnt most ne.arly approximates those in actual clinical bronchoconstric- 
tion. The information obtained in this investigation does not seriouslj' conflict 
with the idea expressed in the previous investigation (2) wherein it is suggested 
that the N-isopropyl radic.al represents (he optimal group activating the receptor 
mechanism in the bronchi. It would appear, however, that both the n-butj'I 
(WIN 5590) and the cyclopentyl (WIN 5591) analogs of Isuprcl possess good 
bronchodilator activity. -V further investigation of these compounds to deter- 
mine their elinic.al efficiency and side-effects seems warranted. 

CONCLUSIONS 

1. The bronchodilator effects of eight analogs of Isuprcl (l-(3',‘l'-dih3’dro.xy- 
phenj’l)-2-isopropylaminocthnnol) .arc descrilicd. 
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2, While Isuprel remains the most potent bronchodilator chug in the intact 
animal, the n-butyl and cyclopentj’-l analogs possess marked activity. 

3. The cyclopentyl analog possesses a bronchodilator activity equal to or ex- 
ceeding that of Isuprel in the perfused lung but has only one-twentieth of the 
activity in the histamine-asthma test. Some possible explanations are suggested 
and discussed. 

Acknowledgment. The authors wish to express their gratitude to Dr. J. 0. 
Hoppe and Mr. D. Seppeliu for the toxicity determinations described in this 
communication , 


REFERENCES 

1. Konzett, H.; Arch. f. exper. Path. u. Phannakol., 197: 27, 19-10. 

2. SiEGJivjTD, O. H., Granger, H. R., and Lands, A. M.: This Joitrnad, 90: 254, 1947. 

3. Lands, A. M,, Nash, V. L., Dertinger, B. L., Granger, H. R., and McCarthy, H. M.: 

This Johhnae, 92: 369, 1948. 

4. Marsh, D. F., Pelletier, M. H., and Ross, V. A.: This Journal, 92: lOS, 1948. 

5. Corrigan, J. R., Langermann, M., and Moore, M. L.: J. Air. Chem. Soo., 71: 530, 

1949. 

6. ScHAVsiANN, 0.; Arch. f. exper. Path. u. Phannakol., 196; 109, 1940. 

7. V. IssEKUTZ, B., AND Gbnersich, P.: Arch. f. exper. Path. u. Phannakol., 202; 201, 1943. 

8. Loetv, B., Kaiser, M., and Moore, V.: This Journal, 83: 120, 1945. 

9. Thornton, J. W.: Quart. J. Exper. Physiol., 21: 305, 1932. 



Tini: CriiAlill'OUM ACXlVnT of X-MlCTinXAiEUUAJIINE 
AND N-ME'l'llYIJSOTnn'HAXDIN-U' 

DAVID F. MAIiSH am. D. A. HFIlIilXr. 

DrporOnctit of I’hnrnuiratofji/, HV.tf Virtjinin (^nivcrfity School of Mrrhciuc, Morf/anlown 

Hcc<‘ivr(t for publirntioii May II, lOlP 

Of the knoun biscochuirinc ty|>c nlknloHls, hcrlminino (1) and its O-motliyl 
ether, iwtetrandine (2) arc found in a variety of plants.* We have converted 



O-TUBOOUftAftlHC H-MCTH YLBERD AH IM C 



D^O-METHYLTUBOCURAHtNE M* HETHYLI80TETR AN D IN C 

d-Tuboenrarine: ITfsod n.*! the <ltcldorjdr-jK*nlnliy<Jrate, aiolLTalfiP wripht TS.#.?; rti. p. 

2&S-2Ca'C. 

<I-0'Mrtbyllul»orijrarin('* U.-^oel ns llie duodido'tritiydrale, nitilornl.'ir weipJd fHV).7; m. p. 

2.'^7-2r>S'»C. 

X-Mcthylbcrbaniino. Used ns tlio diindidc, nudrcul.'ir wriphi Wrj.fJ; m, p. 2r»s-20i'C. 
X-Mctliylisotctraadinc*- Uso<I ns tin* ditodiili*, niolwilar ^rjpbt 1*00 C; m, p. 2<>.>-2r>S''C. 

these agents to their quulcrnaiy ammonium derivatives, the methiodidcs, and 
compared their ])harmacologicAl activity witli the spatially rolatwl d-lnhoen- 
rarinc chloride and d-O-mcthyltuhocurarine ifxUde. 

> Pnrt of the material in this paiwr was pro^ciitoi) Ix'fore the Amerirnn Society for Pliar- 
macolow and K\perimental Thcra|)eu(irs, rederation meetings, Detroit, Ifiia. See I'ed. 
Proc., 8:31S, iDtf). 

» This research was supported in part by n Kmnt from S. IJ. Pentek it Co Xew York. 
Wc arc Kratcful to Ur. W. G. Hnvnter, .S. Ik Pcnick it Co., Xcw York, for crude extracts of 
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Experimental Procedure. Head drop assaj-^s in 24 rabbits, three trained unanesthet- 
ized dogs and one man, and toxicity studies in 120 rats were carried out by the nietliods 
employed in an earlier investigation (3). 

Cats. Two hundred fifty mgm. of sodium barbital per kgm. were administered intra- 
peritoneally 60 minutes prior to operation in nine cats (2.1-2.9 kgm.). The femoral and 
sciatic nerves to one leg were cut. The peripheral end of the cut sciatic nerve was stimulated 
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Fig. 1. Cat (2.1 kgm.). Blood pressure, in mm. Hg, above, and gastrocnemius contrac- 
tions, below. Peripheral end of cut sciatic nerve stimulated every 10 seconds. Eighteen 
minutes deleted between portions of record. One hundred twenty-five microgm. d-tubo- 
curarine chloride pentahydrato per kgm. given at T; 150 microgm. N-methylberbamine 
iodide per kgm. given at B. 

for 0.1 second with 6 volts 60 cj'cle halt wave every ten seconds by a motor driven inter- 
rupter. The contractions of the gastrocnemius muscle were recorded on photographic paper 
by means of a strain gage (Baldwin-Southwark SR-4 type A-7) mounted on an isometric 



the tertiary base fraction of barberry root bark from which the borbamine was isolated by a 
modification of the method of Spilth (Ber., 68: 2280, 1925). We are grateful to Dr. D. L. 
Tabcrn, Abbott Laboratories, North Chicago, for the d-tubocurarine chloride, to Dr. K. 
K. Chon, Eli Lilly & Co., Indianapolis, for the d-O-Methyltubocurarine iodide, and Dr. 
H. Kondo, Tok 3 -o, for the Isotetrandine. 
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lover. The blond prci^surc in tho opposite femoral artery \Yafl simultaneously recorded with 
a Lambert-Wood (-1) strain gSRe manometer. The rabl)it head drop dose of a curarjfonn 
aRont was ndministered intravenoiuly and after tho miwclc had returned to normal, 0.125 
mpm. of d-tubocurarino chloride pentahydratc jMsr kpn. was given. K tho two effects 
were not equivalent, tho dose of tho first agent was Increased or decreased as noccasarj' 
until an effect equal (within rfr 5%) to th.at produced by tho d-tubocurarino was obtained. 
The equivalent doses given in table I arc ba.scd on three cats for each compound. No more 
than four injections were given to any animal nnd no injections were made less than fifteen 
minutes apart. Sco fig. 1 for portioas of n typical record. 

In an additional eight barbit alized c.ata the cardiovascular response to 2 microgm. of epine- 
phrine hydrochloride, acetylcholine chloride, nnd histamine acid phosphnto per kgm. was 
determined with a Lambert-Wood strain gage in the femoral artery. The r(juivnlcnt paraly- 
sis dose determined above w.as administered, ami the epinephrine, acetylcholine, nnd hiata- 
mine injections repeated. Following this either atropino sulfate (0.60 mgm./kgm.) or 
diphenhydramine hydrochloride (2.0 mgm./kgm.) was given and tho curariform agent re- 
administered periodically every five minutes until respiratory collapse occurred. 

Isolated Tissue Segtnenti. Hearts from four mbtiits were prepared for perfusion by tho 
Longendorff technique and varying amounts of iho agents ad(le«l to tho Uingcr-Locko 
perfusion fluid. Isolated scctiofLs of ileum from two rabbits \vcrc prepared for recording 
by the usual Magnus technique in Tyrode solution and the re.iponsc.s to acetylcholine 
chloride and to histamine pho'^phate «erc te.sted l>eforo nnd after addition of the curariform 
agents. The trncheas of four guinea pigs were prepared by Hie method of Castillo nnd do 
Beer (5). Ten microgm. of curariform agent were added to each cc. of bath. Tho largest 
increase in tone from this concentration of d-lulmcurarine clilorido wjis equivalent to that 
produced by 0.02 microgm. histamine b.^-sc per cc. Further experiments were carried out to 
determine the ability of this concentration of the agent.s to antagonize the contractile 
effect of O.S microgm. of acetylcholine chloride i>er cc. 

Results. Tito results arc etimmnrlzcd in table I. It is not diflicult to dctcr- 
mino tho curariform activity of these highly specifically acting agents. It is diffi- 
cult to determine with any accuracy the eccondarj’ or sidc-cfifccts that these 
agents have. It may be noted tliat tho relative effect on skeletal muscle does vary 
among species and among tlio various mcUiods of assay although the relative 
order of tho compounds remains constant. 

d-Tubocurnrine chloride usually has little action in unancsthetized man otlier 
than that related directly to depression of skeletal muscular function (0), al- 
though such diverse sido-effects as throbbing headache, bronchoconstriclion, 
cold s^vcat, vertigo, fall in blood pressure, salivation, and flushing of the extremi- 
ties have been reported (7). Lnndmcsscr (8) lias established that this agent pro- 
duces bronchoconstriction in dogs and some similar effect has been observed in 
man (9). Unancsthetized dogs that have had paralytic doses of this agent c.xhibit 
marked salivation, and often vomiting, lacrimation, and urination (10). No sucli 
sidc-cfTects are observ’od in rats or rabbits. 

As indicated in table 1, the d-tubocurarinc nnd its methyl ether always pro- 
duce some fall in blood pressure in the cat even at comparatively’' low doses. This 
fall in blood pressure is not prevented by the administration of atropine or-di- 
phenhydramine. In general, these compounds have very’’ little effect bn the ro- 
sponso to epinephrine, accty'Icholine or histamine, although occasional slight 
increase in effect by epinephrine and acetylcholine is observed. In comparisonj 
N-methylberbamine and its methyl ether Imvc much less effect on blood pressure 
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Experimental Procedure. Head drop assays in 24 rabbits, three trained unanesthot- 
ized dogs and one man, and toxicity studies in 120 rats ivere carried out by the methods 
employed in an earlier investigation (3). 

Cats. Two hundred fifty mgm. of sodium barbital per kgm. were administered infra- 
peritoneally 60 minutes prior to operation in nine cats (2.1-2.9 kgm.). The femoral and 
sciatic nerves to one leg were cut. The peripheral end of the cut sciatic nerve w.ts stimulated 
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Fig, 1. Cat (2.1 kgm.). Blood pressure, in mm. Hg, above, and gastrocnemius contrac- 
tions, below. Peripheral end of cut sciatic nerve stimulated every 10 seconds. Eighteen 
minutes deleted between portions of record. One hundred twenty-five microgm. d-tubo- 
curarino chloride pentahydrate per kgm. given at T; 150 microgm. N-methylberbamine 
iodide per kgm. given at B. 

for 0.1 second with 6 volts 60 cycle half wave every ten seconds by a motor driven inter- 
rupter. The contractions of the ga.strocnemius muscle were recorded on photographic paper 
by moans of a strain gage (Baldwin-Southwark SR-4 tj’pe A-7) mounted on an isometric 


the tertiary base fraction of barberry root bark from which the berbamine was isolated by a 
modific.ation of the method of Spath (Ber., 68: 2280, 1925). We are grateful to Dr. D. L. 
Tabcrn, Abbott Laboratories, Korth Chicago, for the d-tubocurarine chloride, to Dr. K. 
K. Chon, Eli Lilly & Co., Indianapolis, for the d-O-Methjdtubocurarinc iodide, and Dr. 
H. Kondo, Tokyo, for the Isotetrandine. 


THU CHEMICAL BASIS FOR AIHIRNERGIC BLOCKING ACTIVITY 
IN COMPOUNDS REIATED TO DIBENAMINE'’ » 

MARK .NTCKEIIEOX isn WHJAAM S. GUMP 
lupitrlnlrnl nf PhiimncflDii:/, Vnirmiltj of Vlah College of Meilicine, Halt [Mke. Cil’j, Utah, 
anrl the liesenrch Lohoreitoriee of Gi(«m/rtn-/>f/«im;ino, Ine,, Dclnieanorj^ A’. J.' 

RrccK’cd for puhlirolioti Moy 2.1, PVI9 

Tlio obvious c.'ipcrimentnl and fliorapciitic iisofiilnc.<« of a relatively nontoxic 
drug Epccifically blocking tlie cflcets of epinephrine and sympathetic nerve activ- 
ity lias Btirmdated considerable pharmacological research designed to develop 
.such an agent. An entirely new series of adrenergic blocking agents, the d-ha!o- 
alkj’Iamincs, of which N,N-<litn.'nzyI-^-chlorocthylnmino (Dibenamine) is the 
prototype, has recently been reported (I— 1) to act quite specifically to block 
certain excitatory rc.spon.ses to epinephrine and other .sj'mpathomimctic amines 
and to QTnpathetio nen'e stimulation. 

The jirescnt report (leaks with cortain chemical and pharmacological properties 
of 113 compounds mo.st of which arc related chemically to Dibenamine. These 
have l)ccn selected as illustrative examples of a larger series of 218 compounds 
studied in the same manner. A preliminary report of part of this work was pre- 
sented in 1910 (5). Since th.at time studies on a few members of this scries in 
addition to Dibenamine have been published by other invc.sligators (0-8). 
Several active compottnds were reported inactive (7) because of inadequate 
testing methods. Most of the compounds studied by others are members or minor 
x'ariations of the basic scries presented Iwlow, and in all ca.scs their potentiali- 
ties for producing adrenergic blockade arc <iualilalively predictable on the 
ba-sis of the requirements for aclinty revc.alcd in the present study. The details 
of synthesis and chemical chatactcriration of thc.S(! compounds will be pre.sented 
elsewhere. 

Methods. Stock soUitioius of qualcrnurj* compounds and of the liydroehloride or hy- 
drobromido is.'ilts of sccomlary and tertiary amines were prepared in ucidified propylene 
Rlycol, ns described for Dibenamine (2), and <liluted 1 to 10 with 0.9 per cent NnCI solution 
immediately before Injection. Compounds listed ns in-^olublc formed a fine precipitate 
when so diluted, but tlie rcsuItinR su-‘'pcn«ion was usually nuitnblo for injection without 


* Ed. Note: This p.npcr represents a portion of the work for which Dr. Nickerson was 
awarded the annua! John J. Abel Prize in PImrmncoloK>* for 1919 by the Society for 
Pharmacology' and Experimental Thcrapculic.s. 

* Wo wish to express our apprcciatioa to Dr. J. Nikawitz and Mr. G. M. Nomaguchiior 
assistance with the chcmic.al and pharmacological aspects of this work. Tlic senior author is 
also indebted to Dr. George V. Beard, Department of Chemistry, University of Utah, and 
Dr. Linus Pauling, California Institute of Technology, Pasadena, California, for helpful 
discussion of the reported structure-activity relationship. 

* N,N-dlbenzyl-^*chlorocthylamine is now being distributed for investigational use by 
the Smith, IGino and French Laboratories, Philadelphia, Pa., under their trademark, 
Dibenamine. 
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error in dosage. When compared on a molar basis the salts and the free bases were found 
to have essentially the same potency. 

Adrenergic blocking activity was determined in cats anesthetized with pentobarbital or 
urethane and prepared for direct carotid pressure recording. Actual reversal of the blood 
pressure response to epinephrine was selected as the criterion of activity because mere 
reduction of the pressor response may result from a number of non-specific factors. In most 
preliminary tests, 10 or 15 mgm./kgm. doses of the experimental drug were injected slowly 
intravenously and the blocking action tested at intervals by the intravenous injection of 
2.5 microgm./kgm. of epinephrine. If no reversal of the vasopressor response to epinephrine 
occurred within one-half to one hour after the first injection, the initial dose was repeated 
at intervals over a period of four to six hours until the linut of tolerance of the animal was 
reached. In acute experiments this was usually 45 to 100 mgm./kgm., and it was sometimes 
much larger than the LDso given in the tables. After reversal of the epinephrine response 
was obtained, the completeness of the blockade was checked with larger doses of epine- 
phrine (50 to 500 microgm./kgm.). The persistence of the blockade was then followed for 
several hours by injecting small test doses of epinephrine. Compounds which appeared to 
be inactive by the above method were further tested by injecting the maximal tolerated 
dose subcutaneously tw'o or three times a day for three to four days and then testing the 
blood pressure response to epinephrine. 

Compounds with a dela 3 'ed onset of action w'cre rechecked for rate of onset by a standard 
procedure of injecting 10 mgm./kgm. (occasionally more with compounds of low activity) 
intravenously over a period of five minutes and then testing the response to 2.6 microgm./ 
kgm. of epinephrine at intervals. When more exact determinations of potencs’’ were desired 
for comparative purposes the drug was administered intravenously to cats anesthetized 
with pentobarbital and the adrenergic blockade checked one-half and Ih hours later with 1 
microgm./kgm. epinephrine; if the response to this dose was reversed, larger amounts of 
epinephrine were emploj'cd to determine the completeness of the blockade. This procedure 
minimized the complications which arise because of the fact that epinephrine tends to 
inhibit the adrenergic blocldng action during the period of its development. The foregoing 
e.xperiments were designed to determine the minimal effective dose of the compounds tested. 

Toxicity was tested bj' subcutaneous injection of the compounds into mice; all deaths 
within a ten-day period after injection were recorded. Because of the limited number of 
animals used in testing each compound (10 to 30, the larger number being employed where 
considerable variations in response were encountered), the toxicity figures can be considered 
only as approximate. The experiments extended over a period of four years and recheck 
experiments indicated that seasonal and strain variations in the mice caused 20 to 40 per 
cent variations in the estimated LDto of some compounds. Intravenous and intraperitoneal 
toxicity studies were not undertaken for reasons discussed elsewhere (2). 

Solubility was recorded in terms of the maximum pH at which the compound is soluble 
in aqueous solution to the extent of 0.02 M. This test of solubility was selected as being 
simple to perform and probably parallel to the solubility of the drug in body fluids. Com- 
pounds not soluble to the extent of 0.02 Ilf at pH 0 are listed as insoluble, although the 
activity of some of these “insoluble” compounds indicates significant solubility in body 
fluids. 

Results'*. In order to simplify a comparison of various chemical groupings, 
substitutions in each of the three positions of the amine will be considered sepa- 
rately. Series A (table 1) includes all substitutions for the /3-chloroethyl group in 
a molecule which is otherwise active. Series B (table 2) includes compounds 
which retain the /8-chloroethyl group and one benzyl gx’oup. Series C (table 3) 
includes compounds retaining the /3-chloroethyl group, but having substitutions 

* Compounds A-5, C-43 and D-1 were supplied through the courtestj' of Drs. J . E. Kerwin 
and E. J. Fellows, Smith, Kline and French Laboratories, Philadelphia, Pa. 
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TABLE 1 — Continued 
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on or for both of the benzyl groups. A number of compounds which do not fall 
into any of these categories are grouped in table 4. Dibenamine is included in all 
of the tables as a basis for comparison. 

The compounds have been listed as active or inactive. Those compounds which 
are markedly more or less active than Dibenamine are designated as (+++) 
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and (+), respectively. A few specml potency comparisons are presented in the 
text. In most c.ases tiicro was a clear distinction between active and inactive 
compounds, and only a vciy few active agents were found to differ from Dibena- 
minc by a potency factor of five or more. Certain members of the Dibenamine 
scries appear to bo significantly more potent than the parent compound. The 
potency relationships among these highly active compounds have been examined 
in detail and will be reported elsewhere. 

Except in cases where dosage is sevcrcl.v limited by the toxicity of the com- 
pound, the procedures employed arc capable of detecting an activity approxi- 
mately 3 per cent that of Dibenamine. 

Series A. The compounds shown in tabic 1 clearly indicate that a halogen at- 
tached to the beta carbon of the aliphatic chain is c.sscntinl to activity. Alkjd 
(.V-IO) and various alcohol (.A-11 to A-15), carboxyl (A-IO), ether (A-17, A-18), 
ester (A-19) and other non-halogen substitutions in this position lead to complete 
inactivation, ns also docs transfer of the halogen to the gamma carbon (A-3). 
Even the chemically similar — CN radical causes inactivation (A-2), presumably 
berause it laclcs the high reactivity of the alkyl halides. Other substitutions on 
the aliphatic chain, such ns the ^-methyl of compound A-1 and the ^-phenyl of 
compound A-0, nppc.ir to have only minor effects on activity. Double substitu- 
tion on the 0-carbon causes no significant reduction in activity (A-5). Unfor- 
tunately, uncontrolled rearrangements have to date prevented the sjuthesis of 
the a-disubstituted isomer of A-5. A a-y unsatination completely abolishes 
activity (A-7, A-S). 

The presence of two or three 0-chlorocthyl radicals is characteristic of the 
nitrogen mustard "gases” of which compounds C-3 and C-4 are examples. The 
0-chloroothyl radical represents the link between the Dibenamine scries of 
adrenergic blocking agents and the nitrogen mustards. Active compound 15-11 
may be considered as a true nitrogen mustard. 

Series B. Tlie compounds shown in table 2 all possess one bensyl and one 
0-chlorocthyl group, and illustrate two important points regarding the stnictural 
requirements for activity in this series: the necessity for the tertiary amino struc- 
ture and the wide variety of substituents compatible with activity as long ns one 
0-haloalkyl and one benzj-1 group arc present. After substitution of certain other 
active groupings (e.ff., tluorenyl, C-13) for the benzyl, the nature of the third 
substituent on the amino appears to have a greater effect on activity (8). All 
secondary amines are inactive (15-1, C-IG). Among the other members of this 
group, the only substitutions leading to inactivation arc those (B-2, 13-3) con- 
taining a second tertiary amine. 

Substitutions ranging from methyl (B-4) to hauryl (B-10) in the aliphatic 
series, and including such diverse groupings as 0-chloroethyl (B-11), allyl (B-12), 
methylcarbityl (B-13), 0-phenoxyctliyl (B-10 to B-23), 0-pjTidylethyl (B-2G), 
0-1-benzotriazolethyl (B-27), thcnyl (B-2S), etc. have only moderate effects 
upon the activity. Wren allowances are made for differences in solubility, it 
appc.ars Brat the substitution of an aliphatic grouping for one of the benzjd 
groups in Dibenamine causes a significant, but not groat reduction in activity. 
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TABLE 3 — Continued 
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TABLE 3 — Concluded 
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cation witli large doses. The interposilinn of a single carbon atom yields com- 
pounds which have full activity; for c.vamplc Diben.amine. The presence of two 
carbon atoms between the aromatic ring and the nitrogen again causes almost 
complete inactivation; compound C-9 has about the .same activity as C-S. How- 
ever, further lengthening to the cinnamyl (C-13) or plieno.vj’othj’l (C-I4 to C-17) 
produces verj' active compounds. The marked nctivitj’ of C-13 as compared to 
the inactivity of C-ll and C-12 is of spccLal interest and will be discussed in detail 
below. In all combinations, the phenyltliiocthyl substitution (B-24, C-18) pro- 
duce.' compound.' with a weaker adrenergic blocking action than the correspond- 
ing phenovycthyl. 

.•\ fin.al group of compounds in this series is that in which the plicnjd ring has 
been replaced by another aromatic or by an unsatumted heterocyclic radical. 
Compounds in which an unsaturated cyclic nucleus is separated from the nitro- 
gen by a methylene group are active as long ns the previously mentioned activitj’ 
requirements of other substituents arc met (C-ll to C-I.5). Compound C-42 
represents an exception to the general activity of this group. The rcasion for this 
is not completely clear. It is possible that both chemical and stcric factors arc 
involved in the difTorcnce in iictivity of the or- and ^-naphthyl derivatives. Hero, 
as in the case of compounds containing a hcn.xyl group (11-1), secondary amines 
are completely inactive (C-40). Inasmuch ns the substitution of two saturated 
radicals uniformly lc.ads to inactivity (C-1 to C-7), compounds with saturated 
heterocyclic substitutions were not preparcrl. 

A few compounds which do not fit into any of the three categories previously 
discussed arc also of interest (table •!). Several compounds in this series (D-2, D-3, 
D-.5, D-G, D-9, D-10) contain a ^^hlorocthylnmino in which the nitrogen is 
attached to the same ring stnieturc by two bonds. Thc.se compounds uniformly 
lack Dibenaminc-typo activity. Compounds D-7 and D-9 possess adrenergic 
blocking activity with quite different properties than those ch.aractcristic of the 
Dibcnamine series. Compounds D-9 and D-10 may bo considered ns derivatives 
of active compounds B-5 and B-1, respectivebq in which the N-methyl and 
N-cthyl radicals have been attached to the benzene ring in the two positions. 
Compounds D-13 to D-15 are (|uatcmnry derivatives of active compounds; 
all of those listed are active although slight reductions in activity are noted 
when these are compared quantitatively with the corresponding tertiarj' amines. 
Part, brrt not all, of the reduced activity may bo due to the fact that these 
compounds were obtained in the fonn of resins with a maximum purity of 90 
per cent. The N-oxide D-IG is significantly less active than the quatornao' 
salts listed. 

Dtscos.sto.v. The active adrenergic blocking agents of the /S-haloalkylamine 
(Dibcnamine) scries show a high degree of specificity both in their pharmacolog- 
ical activity (2-4) and in the chemical configuration necessary for such activity. 
The blocking action is limited to the inhibition of certain cxcitatoiy effects of 
epinephrine, related amines and sjunpathctic nen’C impulses; inhibitor}’ effects 
arc essentially unaltered. These blocking agents also appear not to affect the 
reletise of epinephrine or sj-rapathin or the penetration of these c.xciting agents 
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into effector cells. The response (e.g., contraction of smooth muscle) to other 
effective stimuli is not reduced. Present information indicates that the ^-halo- 
alkylamine blocking agents, when carefully administered have very little physio- 
logical effect in the animal body except to alter for a rather prolonged period 
some process or substance necessary for the excitatory response of specific effector 
cells to sympathomimetic agents. Their action is, therefore, highly selective. 
The results reported above indicate that the chemical structure required for the 
production of selective adrenergic blockade by members of the Dibenamine 
series is also quite specific. It is perhaps not surprising that the high degree of 
pharmacological specificity exhibited by these agents should be dependent upon 
an equally specific chemical configuration. 

In evaluating the influence of structure on pharmacological activity it is impor- 
tant to consider the reactions by which drugs may produce their effects. Most of 
the previously studied organic drugs are not very reactive from a chemical point 
of view and it is usually assumed that they are approximated to their sites of 
action by relativel 3 '’ weak (van der Waals or hydrogen bond) forces. Conse- 
quently, investigations of structure-activity relationship within series of phar- 
macologically active agents usuallj’- have been focused upon steric factors. Alter- 
ations in the gross shape and size of the molecule and the distances between 
"prosthetic groupings” (9) are the usual factors considered. The Dibenamine- 
type compounds, however, are essentially alkylating agents capable of stable 
bonding to various tissue constituents, and consequently their chemical prop- 
erties are of decisive importance in determining blocking activity. 

During the early stages of development of the Dibenamine adrenergic blockade, 
an equilibrium between epinephrine and the blocking agent is readily demon- 
strated and the presence of sympathomimetic agents markedly inhibits the pro- 
duction of the blockade. This type of “equilibrium” or “competitive” blockade 
is characteristic of all other types of blocking agents studied in detail (10-12). 
However, once the Dibenamine blockade has become established it is essentially 
complete and cannot be overcome by massive doses of the e.\'citmg agent. These 
features of the blockade were first demonstrated on the blood pressure responses 
of anesthetized animals (1, 2) and on the cat nictitating membrane (3), "and have 
since been confiimed b}’^ studies on blood pressure responses of pithed cats and 
on the isolated rabbit uterus (13). The Dibenamine blockade has also been shown 
to develop slowly, not reaching its maximum until at least If hours after intra- 
venous administration. Other members of the series vary widely in their rate of 
action and in some cases (C-21) blockade may not appear for several hours. 
Other unusual features of the Dibenamine-t3q5e blockade are its long duration 
(2, 4, 6, 14) and the fact that the blockade apparently persists for many hours 
after effective amounts of active drug have disappeared from the body (4). 

All the above characteristics of the Dibenamine adrenergic blockade can be 
best explained on the basis of a firm bonding of the drug to some tissue constitu- 
ent with the resultant destruction or prolonged inactivation of some substance 
in the cell which is essential for excitation by adrenergic stimuli. Fortunately, 
Imown reactions of /3-chloroethylamines provide a reasonable basis for such an 
action. 
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In Blightly alkniinc aqueous solution /5-chlorootliylaminc3 liavo been sliorni to 
undergo the following reactions (15, 10). 

n, Hi CIt, II, 

\ 

N— CH.CII.OII 

/ 

It, n, CH, It, 

+ + 

Cl- II* 

Dimers, such as compound D41 (formed from B-11) and D-1 (from C-Il) are 
also formed under these conditions (15). 

In studies on the chemistry of the sulfur mustards, which are capable of many 
of the same rtsactions as the nitrogen mustards, it has also been demonstrated 
that in the case of sulfonium (17) ami sulfonc (18) derivatives, a direct unsatum- 
tion of the d-ehlorocthyl with formation of a vinyl group maj" occur. These vinyl 
compounds undergo essentially the same reactions as the sulfide mustards. It 
is not clear whether a similar vini'laminc is formcrl on splitting of the cthylcnim- 
monium ring of the nitrogen mustards, or as an intermediate in the reaction of 
active quaternary derivatives of the nitrogen mustards (19) and members of the 
Dibcnamine series of blocking agents (D-13 to D-IC). 

7n «/ro studies with the nitrogen mustards clearly demonstrate that these com- 
pounds may react with sulfliydrjd, amino, imidazole and cnrboxjd groups and 
other constituents of biological systems in aqueous solution at physiological pH 
(20, 21). In all cases the obsera’cd reactions appear to require formation of inter- 
mediates of the tjqie discussed above (20). 

It is well known (sec 17, 18. 22) that thiosulfate reacts rapidly and competi- 
tively with both immonium and vinyl intermediates formed from nitrogen or 
sulfur mustards, but not directly with the t5-chloroethyl groups of the parent 
compounds. It is therefore of interest that prior administration of thiosulfate will 
prevent the tj-pical blocking action of Dibcnamine and its congeners, including 
quaternary derivatives; this indicates that these agents do not produce their 
blocking effect before the formation of intermediates. Inasmuch as the final 
hydrolysis products, such as A-11 to A-I5, arc uniformly inactive and all the 
dimers (D-2 to D-4) which have been studied are also completely inactive, it 
may ho concluded that the substances immediately responsible for adrenergic 
blocking activity are intermediate transformation products. The rather slow 
production of the active mtermediates in the body may also explain the slow 
onset of action which is obscn'cd even after intravenous administration of Di- 
bcnaminc imd many of its congeners. 

All the d-chlorocthyl amines which ha\-e been studied in detail appear to react 
in a qualitatively similar manner with tissue constituents, thiosulfate, etc. How- 
ever, the data presented above clearly point to the fact that relatively minor 
alterations of other substituents of the amino may drastically affect adrenergic 
blocking activity. The most probable interpretation of these observations is that 
the specific blocking activity Is dependent upon a narrow range of chemical 
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properties of the intermediate products formed in the body. Data are available 
to show that in closely related compounds other substituents on the amine may 
markedly affect the reactions of a /3-chloroethyl group. It has been shown that 
formation of a /5-hydroxyethyl group on ethyl-bis(|8-chloroethyl)amine and other 
nitrogen mustards causes a much decreased rate of ethylenimmonium hj’-drolysis 
(16). It is also knovm that the substitution of ethyl or larger radicals for the 
methyl groups of dimethyl-7-bromopropylamine alters its characteristic reaction 
in the presence of alkali from a linear polymerization to an internal cyclization 
analogous to that discussed above for the jS-chloroethylamines (23). Under the 
proper circumstances such alterations in reactivity might well lead to qualita- 
tivelj’- different pharmacological actions; z.e., activity or inactivity. 

On the basis of the above discussion of the mechanism of the adrenergic block- 
ing activity of members of the Dibenamine series, certain tentative generaliza- 
tions may be made regarding the structural requirements for actmty. It appears 
that an active compound must fulfill the following four requirements: 

1. It must be a tertiarj’- amine or the quaternary derivative of an active amine. 

2. It must include at least one /3-haloalkyl group capable of forming an inter- 
mediate ethylenimmonium (or -vdnyl) derivative with loss of the halogen. 

3. It must include an imsaturated ring structure attached to the nitrogen in 
such a way as to allow resonance stabilization of the active intermediate. A corol- 
lary is that any substitution on the ring which interferes with this stabilizing 
action will lead to decreased actmty or inactivity depending upon the magnitude 
of the effect. 

4. It must not have any substitutions on the aromatic ring of the benzyl group 
which tend to be out of the plane of the ring. This requirement does not apply to 
substitutions on phenoxyethyl derivatives. 

We have obsen^ed no exceptions to the first requirement. All the secondary 
amines tested in this series were found to be completely inactive. This is probably 
closely related to the second requirement. The highly reactive eth3’'lenimmonium 
compounds which are known to be intermediates in the action of the nitrogen 
mustards and which are probably involved in the activity of this series of com- 
pounds, are all quaternary derivatives of tertiarj’- amines. The analogous sulfide 
derivatives such as D-12 are also completely inactive. 

The ^-haloalkjd grouping may be considered as the primary reacting portion 
of the molecule. It is essential to activity (series A). It is not surprising that the 
7-chloroprop3d compound is inactive because it would form a much more stable 
and less reactive cyclic derivative (23). Substitutions in the jS-position on the 
chain which would not be expected to interfere -with the formation of intei-medi- 
ates (A-4, A-6) do not alter activity, while those which would prevent inter- 
mediate formation cause inactivation (A-7, A-8). 

The inactmty of compounds B-2 and B-3 can be readily explained on the basis 
that a side-chain containing a tertiary amine maj’’ act to prevent the formation of 
active intermediates. It is Imown tliat alkyl halides attached to tertiary amines 
are capable of forming stable, 6-membered heterocyclic derivatives (24). In 
both B-2 and B-3 the nitrogen of the substituent is in such a position as to form 
a 6-membered ring by cyclization with the /3-chloroethj’l grouping. Such a reac- 
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tion would prevent formation of tho intermediate required for activity. Although 
a reprcfcntativo compound has not hcen tested, it may be anticipated on the 
basis of the reduced tendency for the analogous formation of larger rings (24) 
that, a 7 -propylamino substitution would have a less deleterious effect on adren- 
ergic blocking activity. 

Tho third requirement is the most comple.v, but data bearing on thi.s point 
(table 3) offer the deepest insight into tho marked chemical and pharmacologic.al 
specificity of members of the Dibenaminc series of blocking agents. The fact that 
all compounds with saturated substitutions arc inactive i.s obviously in accord 
with the concept that activity is dependent upon st.abilizing reson.ance. Suhsti- 
tutions on the aromatic ring itself which interfere with, but probably would not 
completely prevent stabilization through hypcrconjugation, cause relative inac- 
tivation. It is of p.articutar interest to note that chlorine substituted in thed-posi- 
tion (G-30) results in markedly reduced activity while tho same substitution in 
the 3-position (C-32), where it would not interfere with and might even favor 
conjugation, actually enhances activity. Tho Rime relationship appe.ars to hold 
for methyl groups, but the effect is less pronounced, probably l>ecauso of the 
much smaller inductive effect of tho methyl substituents. Methyl substitutions 
in tho 4- (0-19) and c-spccially in the 2-position (C-21) cause a delayed onset of 
action, while the 3-svibstitution (C-20) does not significantly alter activity. It 
is possible that steric effects arc an added factor in the reduced activity of 2-sub- 
slitutcd compounds, but the diffei-ence between the 3- and 4-i>ubstitutcd com- 
pounds finds ready c.vplanation only on the basis of altered resonance. 

A consideration of the effect of altering the number of atoms betwen tho aro- 
matic ring and the nitrogen also lends support to this interpretation. The direct 
apposition of the ring and tho nitrogen, which would rcdtico but not prevent 
resonance stabilization, yields a compound wbich has tho smallest detectable 
activity (C-S). The interposition of one carbon atom permits effective resonance 
and all such compounds are etiective blocking agents if they fulfill tho other 
requirements for activity. Further additions between tho aromatic ring and tho 
nitrogen also agree with the theory. The presence of two carbons, which would 
inhibit resonance, nuirkcdly reduces activity (C-9). The activity of C-10 is some- 
what greater than might be c.\pcctcd in view of tho considerablo insulating effect 
of the two-carbon chain. However, the much reduced sLabilizing effect of tho 
/3-phenylcthyl grouping ns compared to the benzyl is refiected by tho fact that 
substitution of a benzjd for the .short alkjd moiety of compounds of the ^-phen- 
ylethyl type lends to a marked incre.asc in activity (23). 

Addition of an oxygen to produce phenoxyethyl dcriv.ativcs, which favors 
hyperconjugation, produces highly active compounds (C-14 to C-17). The 
T-phenylpropyl derivatives (C-ll, C-12) arc probabh- inactive because of tho 
magnitude of the insidating effect of the saturated 3-carbon chain, an effect 
which would be considcrablj' greater than that of the oxj’cthyl grouping. This 
interpretation is strengthened by the acthity of the cinnamyl analog (C-13) of 
compound C-12 in which the fi-y unsaturation of the propjdene chain would 
markedly reduce the cnergj- requirements for hyperconjugation. 

Although fundamentally different in structure from other members of this 
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series, compound D-1 satisfactorily fulfills the requirements for activity listed 
above, including the presence of an aromatic nucleus in a position to stabilize 
the intermediate in the same way as do benz}'! and other active groupings at- 
tached to the nitrogen. 

The fourth requirement is necessitated by the complete inactivity of all benzyl 
derivatives ha\'ing a chain of two or more carbon atoms attached to the aromatic 
ring. These substitutions have a much smaller inductive effect than chlorine, 
but result in complete rather than only partial inactivation (compare C-30 irith 
C-34 and C-36, table 3). Such a sharp break between the methyl and ethyl sub- 
stitutions would also not be expected on the basis of their effect on resonance. 
The fact that ethjd substitutions produce complete inactivity while the methoxy^ 
and piperon}'! substitutions only reduce acthnty indicates that the plane of the 
substitution is important. The ethyl group would undoubtedly be held out of the 
plane of the ring through steric hindrance with the adjacent hydrogen atom, 
whereas the methoxy group would tend to be held in a coplanar configuration 
by the partial double bond character of the oxygen-ring carbon bond. 

The marked difference in activity between the members of certain pairs of 
compounds (C-29 and C-30, C-31 and C-32, C-40 and C-41) is not completely 
explained. The extreme aqueous insolubility of compounds C-29, C-31 and C-40 
may be important in their inactivity, particularly in the case of C-29 where even 
the soluble congener (C-30) is very weak. Whether a very low aqueous solubility 
provides a complete ex-planation for the lack of actmty of C-31 and C-40 cannot 
be stated at this time. 

From the above discussion it is apparent that all or almost all the structure- 
acthdty data obtained on this series of compounds are e-xplainable on the assump- 
tion that the i^-haloalkjd group is primarily involved in the adrenergic blocking 
activity, and that it produces its blocking effects through certain intermediates 
formed in the body. The marked influence of relatively minor substitutions else- 
where in the molecule appears to be best e.xplained by their effect on the hjiier- 
conjugation by which the aromatic or imsaturated heterocyclic constituents of 
the molecule stabilize the reactive intermediates. In a few cases an additional 
steric factor appears to preclude actmty although all other requirements have 
been met. In the presence of a /S-haloailyd and one benzyl group, the third sub- 
stituent on the nitrogen is relativety unimportant as long as a tertiaiy amine is 
formed and the substituent itself does not undergo a reaction which interferes 
with reactions of the /3-haloalk>d moiety. In the presence of certain other unsatu- 
rated ring structures (e.p. fluorenyl, C-43) the nature of the third substituent 
has more effect on activity (8). 

No generalizations which cover the entire series can be made regarding the 
relation of structure to toxicity, but certain intermediate compounds give an 
indication of the basis for the much reduced toxicity of Dibenamine and related 
active compounds in comparison with nitrogen mustards such as C-3 and C-4. 
The first factor is the presence of onty a single /?-chloroethyl group. The effect 
of this factor upon toxicity is clearly illustrated by the marked reduction in the 
acute toxicity of C-2 as compared to that of C-3. It also explains the fact that 
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Dilxjnamine docs not damage hemopoietic tissue (2). A second factor of impor- 
tance is tlio low aqueous solubility of these compounds. This may bo noted in the 
parallel decrease in to.'cicitics and solubilities found in compounds with progres- 
sively longer aliphatic substituent.s (B-l to B-10), The effect of decreased aqueous 
solubility is limited, however, as can be seen by comparing compounds C-3 and 
C-4. In addition to the above factors, benzyl and other substitutions producing 
adrenergic blocking activit}’ have a marked specific action in reducing toxicity. 
For c.xample compound B-10 is considerably less soluble than Dibenamino, but 
it is more than twice as toxic, and compound B-11 is veiy much less toxic than 
C-4 although their aqueous solubilities arc not very different. The mere presence 
of an aromatic ring is not adequate to produce this effect. Compound C-9 is 
much more toxic than Dilutnamine although it possesses two |3-pl‘cnylethyl 
groups and also has a lower aqueous solubility. This specific action of benzyl and 
other properly placctl unsatunated substituents is probably related to the reso- 
nance stabilization which such groupings provide. The cthylcnimmonium deriv- 
atives are largely responsible for the toxicities of the nitrogen mustards. Except 
for acute central nervous system stimulation observed after rapid intravenous 
injection (20), it appears that most of the toxicity of members of the Dibenamino 
series is dependent upon similar cthylcnimmonium intermediates. jVny reduc- 
tion in the reactivity of such intermediates through resonance stabilization 
might therefore be expected to reduce toxicity. 

It should be specifically pointed out that the above stnictural requirements 
for activity apply only to memhera of the p-haloalkyhminc aeries producing a Di- 
benaminc-lype blockade, i.e. a prolonged, non-equilibrium blockade produced 
through intermediates which react witli thiosulfate. There are several types of 
adrenergic blocking agents to which the above principles obviously do not applj’ 
such as the ergot alkaloids, yohimbine, imidazolines, tetrahydro-isoquinolincs, 
(D-7), etc. However, in certain other series of blocking agents it is not so obvious 
that a different mechanism is involved, itecent reports by Kahano and L4vy 
(27) have renewed interest in phcnoxycthyl primaiy and sccondarj' amines which 
produce adrenergic blockade. These arc closely related to compounds C-14 to 
C-17 of the present series and their acthnty would appear to contradict the above 
statements regarding the necessity of both the tertiary amino stnicture and the 
/3-haloalkyl substituent. However, we have found that these compounds c.xert 
a very different typo of blocking action from that characteristic of Dibenamino. 
The blockade is transitory and Ls not significantly altered by the presence of 
thiosulfate. It has also been demonstrated that C-IG possesses both tjqres of 
blocking activity for in the presence of thiosulfate the blockade produced by 
this agent is very similar to that characteristic of its hydrolysis product (the 
/3-h3'droxyethylamine) and of the corresponding secondary amine. The phenoxy- 
cthjd moiety apparentlj' has special steric significance in the production of 
adrenergic blockade. A detailed stud}' of compounds containing this substituent 
will be published Bcparatel}'. 

Although the structural requirements for adrenergic blocking activitj’ in the 
/3-haloalkylamino series discussed in tliis report cannot be considered as defini- 
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tive, they have been most helpful in directing the synthesis of new compounds. 
They also seiwe to focus attention upon the importance of the chemical prop- 
erties of phai-macologically active agents, Avhich in the past have been almost 
completely neglected in favor of ■physical (steric) factors. 

Observations on the use of nitrogen mustards in the therapy of certain neo- 
plasms (28-30) emphasize the need for a greater specificity of action. However, 
current attempts to improve the specificity of the anti-neoplastic action of cer- 
tain i3-haloalkylamines, e.g., by attaching them to carcinogens (31) have been 
carried out with only a very limited Imowledge of the chemical basis for the de- 
sired action and have met with little success. The fact that the highly specific 
adrenergic blocking action of the Dibenamine series of compounds can be accu- 
rately predicted on the basis of almost equally specific requirements of chemical 
structure suggests that a careful study may reveal relationships which will allow 
for the preparation and selection of ^S-haloalkylamines with equally specific but 
different phannacological properties. 

SUittURY 

Certain chemical and pharmacological pi'operties of 113 compounds chemically 
related to Dibenamine are presented and discussed as representative of a much 
larger series studied in the same manner. 

It is concluded that the highly specific adrenergic blocking activity of mem- 
bers of the Dibenamine series can be adequately explained on the basis of a few 
specific requirements of chemical structure. To be active a compound must meet 
the following requirements: 

1. It must be a tertiary amine or the quaternary derivative of an active amine. 

2. It must include at least one /?-haloalkyl group capable of forming an inter- 
mediate ethylenimmonium (or vinyl) derivative. 

3. It must include an unsaturated ring substituent attached to the amine in 
such a way as to allow resonance stabilization of the active intermediate. 

4. In the case of benz}'! derivatives, there must be no substitution on the 
phenyl ring which tends to be out of the plane of the ring. 

Compounds meeting these conditions were found to be active, and no compound 
failing to meet all these requirements could be shoum to produce significant 
Dibenamine-type adrenergic blockade. 

The vciy low toxicity of Dibenamine and most of its active congeners appears 
to be due to three factors: 

1. The presence of only one ;8-haloalliyl moiety, 

2. Their low aqueous solubility. 

3. The reduced reactivity of their ethjdenimmonium (or vinyl) intermediates 
as a result of resonance stabilization. 

Although the chemical basis for activity outlined in this report cannot be con- 
sidered as definitive, it has proved most helpful in directing the s 3 mthesis of a 
large number of active compounds and should provide useful direction in the 
development of new /3-haloallvylamine adrenergic blocking agents of experi- 
mental and clinical value. It should also sen^e to focus attention upon the im- 
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porUincc of the cJicmical properties of pharmncologicftlly active agents, which 
in the past have been almost completely neglected in favor of physical (steric) 
properties. 
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The pharmacological action of some thiophanium derivatives has been found 
similar in many respects to that of tetraethylammonium bromide (TEA). Ache- 
son and Moe (1) ascribed the vasodepressor action of tetraethylammonium 
bromide to a blocking effect on s 3 Tnpathetic ganglia. The ganglionic blocking 
action was demonstrated on the superior cervical, the stellate p,nd the vagus 
ganglia. It has now been found that certain sulfonium salts have much the same 
qualitative action as the quaternary ammonium salt and one of the thiophanium 
compounds (Nu-2222) has a much more powerful and longer action than TEA 
as a vasodepressor and ganglionic blocking agent. The formula for TEA and Nu- 
2222 are as follows: 


CjHb C2H5 
\ / 


N~Br 
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CHi— CH— CH: 

\/ 

S 

/\ 
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Nn-mz 

d-3,4(l',3-dibenzyI'2-keto-iinidazolido)-l,2- 
trimethylene thiophanium d-camphor sulfonate 


The thiophanium derivatives were synthesized in the Scientific Department 
of these laboratories by L. H. Stembach, M. W. Goldberg and S. Kaiser. Nu- 
2222 is available from the Roche synthesis of biotin. 

Circulation: The intravenous vasodepressor effects of the compounds were 
measured on cats and dogs anesthetized with Dial-urethane and on two monkeys 
anesthetized with pentobarbital sodium. Arterial pressure was recorded with a 
mercuiy manometer. The average results in cats are summarized in table 1. In 
27 cats, Nu-2222 had an average of 33 times the potency of TEA and 3 times 
the duration of depressor effects. In seven dogs, Nu-2222 had approximately 30 
times the potency and twice the duration of TEA as a depressor agent. In two 
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monkeys, Nii-2222 Imd approximnlcly 30 times tlic potency of TEA and sliKldly 
lonRcr duration. 

Hy the intramuscular itiute in two eats and four dogs, doses of Nu-2222 up to 
0.33 mgm./kgm. were neccsiJaiy to prcKluce depressor effects. Tims about 20 
times tlio elective intravenous dose was requiretl to produce vasodciircssion by 
the intramuscular route. 

liy the oral route in three eats and six dogs, tljc ciTccts of Xu'2222 were erratic, 
dose."? of llie order of 8 mgm./kgm. or more being ncce.ssary to produce depres- 
sor effect.^. This tbioplianium derivative is, therefore, not readily absorbed. 

tabu: 1 


Vasodeprasor nnti Oatiglionic Utoclino Action of 7'AM Thinpfuinium 
Snlh in Cot^ 
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The I-isomcr, Nu-2221, wa.s approximately one-half as potent a depressor 
agent as the d-isomcr, Nu-2222. The immobenr.yl derivative, Nu-199-1, 3,4- 
(inonobcnzyl-2^-kclo-imidazoh{lo)-l ,2-trimethylcne-tbiopljanium chloride, was 
about twice as active as TE.V and thus much Ie.«s active than (he dihenzyl deriv- 
ative. Tlic unsubstituted derivative, Nu-23r)r), 3,4-(2MvCto-imidazolido)-l ,2- 
trimethylcne-lhioj)hanium bi'omidc, was only slightly active. 

Ganglionic Transmission: The effects on transmission through the superior 
cervical ganglion of cats were measured by the method described by Acheson and 
Moe (1). The .superior ceivical nerve of cats, anesthetized with Dial-urcthane, 
was stimulated through shielded electrodes with an Elcctrodyno stimulator. 
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Maximal shocks were given at the rate of 3-5 per second to obtain a sustained 
contraction of the nictitating membrane. The membrane was attached to a lever 
via a thread. The per cent decrease in height of contraction after intravenous 
administration of a compound was calculated. The results are summarized in 
table 1. A typical record comparing the effect of Nu-2222 and TEA on the nic- 
titating membrane and arterial pressure responses in a cat is shown in figure 1. 






Fig. 1. CoMPAHisoN of the Effect of TEA and Nij-2222 on the Contractions of the 
Nictating Membrane Produced by Preganguonic Nerve Stimulation and on 

Arterial Pressure 


Cat, Dial -urethane anesthesia, 

A — Nictitating membrane; S — preganglionic stimulation of the cervical sympathetic nerve 
with maximal shocks at the rate of 5 per second. Arterial pressure. Numbers refer to 
mm. Hg. Time in minutes. TEA 0.5 mgm./kgm., 1.0 mgm./kgm. and 2.0 mgm./kgm. 
given intravenously. 

B — N.M. = Nictitating membrane. A. P. = Arterial pressure. Nu-2222 .016 mgm./kgm., 
.03 mgm./kgm. and .05 mgm./kgm. given intravenously. 

The potency and duration of effects of the compounds on the nictitating mem- 
brane paralleled very closely the arterial pre.ssure effects. Thus Nu-2222 was 
approximately 30 times as strong as TEA, Nu-2221 about 15 times as strong, 
Nu-1994 about twice and Nu-2356 was relativety inactive. The duration of 
effects on the nictitating membrane also paralleled closely the depressor effects. 

A demonstration that the effects of Nu-2222 and TEA are exerted at the gan- 
glion of the sympathetic pathway and not on the nictitating membrane is shown 


GAN'GUON'IC BLOCKING AGKNTS 


51 


i» lipure 2. When the i^uporior cervicnl ganglion was crusluxl and the i)ostgan- 
glionic tihers stimulatwl, TEA and Xn-2‘222 had no oITccl on the incmljrane 
responses although tlie usual depressor effeets on arterial pressure were observed. 
NtJ-2222, thei*t‘fore, rocniblos TEA in having primarily a ganglionic blocking 
action. 

The inhibitory action of ']'E.-\ and Xu-2222 on the eardiodepressor response to 
the stimulation of the periplieral end of the vagus nerve and to the vasoprc.«sor 
response to carotid otalusioii in the dog Is illustrated in figure 3. As Heardon 

NK ” Po*roAN»uoNic 6 TiHwtATiour 





Tio. 2. Oon'AiiisoN OK thp. I'>fkct or Tl^\ a\i» Ne-2222 o.v Tin; Costuactioss or Tin: 

Nictitatino .Mr.MniuNE Pni>iiec»:n i«v Po'^TOANonoMc .Stimuiatiok akd on* 
•Vrtehiai. PiiR'iseiu: 

Cat, Dial-urctliaiio ancslliosin. S— Postpnnplionic Htimulalion of tlip ccrviral sympa- 
thetic ncrwwitlipanplioncnishctl .\.P. •= .\rlcrinl pr<'>surc. Xiimlierarcfcr toinm. Ifp. Time 
in minutes. 

From left to ripht, THA, 1 mpm./kpm TKA, 2 mpm./kpm. N’u-2222, 0.03 mgm./kpm., 
Nu-2222, 0.Olo mpm /kpm. Arrows iixiicnle time of injection'}. 

ct al. (2) found with TEA, Xu-2222 blocks transmission thniugh the vagus gan- 
glion and also blocks the reflex pre.'^sor cfTcet produced by carotid occlusion. These 
blocking effects disappear gradually as the arterial pressure returns to normal. 
Similar lilocking cfTcets ^\erc observed in eats and monkeys. 

.ic//ON of NcoMigmuir nt Ganglia: Kcardon rt al. (2) observed that neostigmine 
(Prostigminf abolislicd the hypotenbive efTcets of TEA in dogs and counter- 
acted the blocking action of TEA on the carotid sinus reflex and on the vagus 
inhibition of the lieart. Xcostigminc in doses of JO, SO, 100 and 320 microgm./ 
kgm., intravenously, caused a progressive inhibition of the arterial pressure 
changes produced b\’ moderate doses of TEA and Xu-2222. 
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Figure 4 illustrates that a block of sympathetic ganglia produced by a large 
dose of Nu-2222 is effectively counteracted by neostigmine. The profound fall 
in arterial pressure and the complete block of transmission through the superior 
cervical ganglion was overcome by a large dose of neostigmine. This evidence 
indicates that neostigmine can stimulate ganglia at the locus of the block by 
TEA or Nu-2222. 

Ephedrine as an Antidote for TEA and Nu-2222: The typical depressor and 
ganglionic blocking effects of TEA and Nu-2222 are practically abolished by 
ephedrine, 1 mgm./kgm. intravenousty. The sustained contraction of the nic- 



Fig. 3. Effect of TEA and N0-2222 on the Cardiodepressok Response to 
Vagus Stimulation and on the Vasopressor Response to the Occlusion of the 

Carotid Artbkt 

Dog, Dial-urethane anesthesia. A. P. = Arterial pressure. Numbers refer to mm. Hg. 
V. S. = Maximal stimulation of peripheral end of vagus for 10 seconds. C. S. = Clamping 
of carotid artery for one minute. Time in minutes. 

Upper record — TEA, 6 mgm./kgm. 

Lower record — Nu-2222, 0.06 mgm./kgm., intravenously. 

titating membrane produced by ephedrine is not relaxed by TEA and these sub- 
stances are ineffective on the arterial pressure during the pressor response to 
ephedrine. An illustration of the antidotal action of ephedrine is given in figure 
5. The markedly low arterial pressure produced bj^ a relatively large dose of 
Nu-2222 in a dog is returned sharply to the normal level by 1 mgm./kgm. of 
ephedrine. The inhibition of the effects of vagus stimulation on arterial pressure 
also disappears when the arterial pressure becomes normal. These experiments 
demonstrate that ephedrine is an effective antidote for the hypotensive action 
of TEA and Nu-2222. 

Curare-like Action of TEA and Nu-2222: The action of TEA and Nu-2222 on 
neuromuscular transmission was measured in three dogs in comparision with tubo- 
curarine Cl. The method described by Lehmann (3) was used for measuring cu- 
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Iiitcslinnl motility was measured in dop? ancstluitizcd with Dial'Urclluine and 
the record of jejunal aetivitj* wjm obtained with a balloon connected to a tam- 
bour. TICA, 2 mpm./kpn., and Nu-2222, 0.0b mgm./kKin., had onl}* sliglit ef- 
fects on jejunal motility. 'Phe slight decrease in intestinal tone was accompanied 
by a mwlerate fall in arterial pressure. 

Nn-2222wns inactive as a spasmolytic on isolated intestine. Conccntnitions 
of j;m./cc. <Hd not relax the spasms produced by acetylcholine, histamine or 
l)arium chloride. 


TAPbi: 2 

ToxMtii of 7'AM and the Thiophnnium Sails 
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Toxicity: The acute toxicity of (ho thiophanium c()mi)onndsin comparison with 
TEA varies greatly not onl^' among various routes hut also among species. 
The results arc summarizal in tabic 2. lly the intrapcritoncal route in mice, 
Xu-2222 and Nu'2221 are half as toxic ns TEA, Xu-lOO 1 is 1/4 ns toxic and Xu- 
235G is 1/10 as toxic. When the camphor sulphonatc ion in Xu-2222 is replaced 
by the chloride ion, the toxicity is not changed. Ily the intravenous route in mice, 
Xu-2222 and Xu-2221 arc twice as toxic as TE.A and Xu-2222 is also more toxic 
in rats and rabbits. By the oral route, Nu-2222 is more toxic tlian TEA in mice. 
Xii-2222 has an unusually high toxicity in dogs. Xu-2222 and TJi^A were not 
toxic to two monkeys at doses up to 8 mgm./kgm. I.V. TEA produced death b^' 
respiratorj’ failure in all species and Nii-2222 produced a similar death in all 
species except the dog. In tlic latter it produce<l death by a hcmorrliagic disorder. 
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Hbdioi rhtigGS in "tliG gRstro-intGstinjil tpRct RDd, pctccliiRG in internal organs 
were observed at autopsy. Such abnormalities were not found in any other 
species. 

The clotting times were measured on blood withdi-auTi from the jugular vein 
and placed in a dry test tube. It was found that doses of Nu-2222 of 0.25 to 1.0 
mgm./kgm. I.V. prolonged clotting time. Samples of blood withdrami after 1/2, 
1 and 2 hours did not clot in 8 hours. Doses of 0.1 mgm./kgm. I.V. did not pro- 
long clotting time. Also doses of 2.5 to 10 mgm. intramuscularly and doses of 
50 to 200 mgm./kgm. orally did not prolong clotting times. Doses of TEA of 
25 mgm./kgm. intravenously did not change the clotting time of dogs. In 
rabbits, doses of Nu-2222 of 10 mgm./kgm. intravenously did not prolong 
clotting times. In two monkeys a dose of Nu-2222 of 8 mgm./kgm. intravenously 
and of TEA of 8 mgm./kgm. did not prolong clotting time nor produce hemor- 
rhagic effects. There were no significant changes in the red and white cell counts, 
hemoglobin or platelet counts. 

It is probable that the hemorrhagic disorder and the prolonged clotting time 
in dogs, accompanying the intravenous administration of toxic doses of Nu-2222, 
are produced by the profound fall in blood pressure which results in a state of 
shock. The lethal effects can be modified by phenindamine (Thephorin) (8) an 
antihistamine agent and by toluidine blue, an antiheparin agent. Phenindamine, 
at a dose of 1 mgm./kgm. intravenously, protected three of four dogs given 4 
mgm./kgm. I.V. of Nu-2222 and a dose of 2.5 mgm./kgm. protected three of 
four dogs given 10 mgm./kgm. I.V. of Nu-2222. However, the clotting times 
were prolonged and some hemorrhagic symptoms were still observed. Toluidine 
blue, at a dose of 10 mgm./kgm. intravenously protected two of three dogs given 
4 mgm./kgm. I.V. of Nu-2222 and prevented the change in clotting time but 
not the hemorrhagic effects. Thephorin, 2.5 mgm./kgm. and toluidine blue, 10 
mgm./kgm., given together, protected tAvo of three dogs Avhena dose of 10 mgm./ 
kgm. of Nu-2222 was given. The clotting time changes and the hemorrhagic ef- 
fects were also prevented. These results indicate that Nu-2222 releases histamine 
and heparin in the state of shock and the lethal and hemorrhagic effects of these 
substances can be modified bj^ antihistamine and antiheparin agents. 

Discussion. It has been found that certain thiophanium salts have the same 
qualitative ganglionic blocking effects as the quaternary ammonium salt, tetra- 
ethylammonium bromide. The d-form of the thiophanium derivative, Nu-2222, 
has a A'^asodepressor potenej'^ about 30 times that of TEA and seA^eral times the 
duration in dogs, cats and monkej'^s. Similar to the effects of TEA, Nu-2222 
blocks both S 3 Tnpathetic and parasympathetic ganglia. Vagus action and carotid 
sinus reflexes are inhibited. Gastric and intestinal motility are inhibited in vivo 
but the isolated intestine is not affected. The vasodepressor and ganglionic 
blocking action of TEA and Nu-2222 are counteracted by large doses of neostig- 
mine. This action of neostigmine is probablj”^ due to a nicotine-like stimulator 3 ’^ 
action of the quaternary ammonium group. The thiophanium salt ma 3 ^ be dis- 
placed from its locus of action by the more poAverful quatornaiy ammonium ion. 
On the other hand, the action of enhp* ' in OA'crT'^’^ing the vasodepressor action 
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of TEA and Nu-2222 is probably a poripheral effect. Nu-2222 like TEA docs not 
have a curarc-likc blocking action on neuromuscular transmission. Although 
straited muscle action is not inhibited, the compounds produce their lethal effects 
by respiratory depression. 

In most species the toxicity of Ku‘2222 by the intravenous route is two to four 
times that of TEA but since it has an activitj' 30 times that of TEA, the safety 
margin is high. In the dog lCu*2222 is about 75 times as toxic as TEA so that 
the safcl}' factor is lower than that of TEA. In the dog, Nu-2222 produces a hem- 
orrhagic disorder charactcrizal by a prolonged clotting time and hemorrhages 
into internal organs. This effect is probably due to the release of histamine and 
heparin since the lethal effects arc modified by antiliistaminc and antiheparin 
agents. The dog is also unusually sensitive to acctyl-/3-methyl-cholinc. This ma- 
terial in low doses produces a bloody duirrhca in dogs (8). Peptone shock in dogs 
is accompanied by tlio release of histamine and the effects can be counteracted 
by antihistamine agents (9). In the dog x-irradiation also liberates heparin and his- 
tamine and the hemorrhagic and lethal effects can be modified with antiheparin 
and antihistamine agents (10, 11). Tlic mechanism of release of tlicso tissues 
elements is still unknown. Although we found no hcmonhagic tendencies with 
TEA, it should be noted that Ham (13) obscn'cd purpura in a human subject 
following treatment with TEA. 


SUMMATIV 

Nu-2222 is a thiophanium derivative which has the characteristic ganglionic 
blocking and h>’potcnsivc effects of tclracthylnmmonium bromide. It has about 
30 times the potenej' and twice the duration of TE.A in the dog, cat and monko}’. 
It blocks transmission tlirough the superior ccmcal ganglion, vagus action on 
the heart and the carotid sinus pressor reflex. The hj'potcnsivc effects arc coun- 
teracted bj' cphcdrinc and large doses of neostigmine. It has no curariform action. 
It h.as only a slight effect on intestinal tone but inhibits gastric motility in large 
doses. It is two to four times as toxic as TULV intravenously in mice, rats and rab- 
bits but 75 times as toxic in dogs- The lethal and hemorrhagic effects in dogs 
can be modified to a large extent by antiliistaminc and antiheparin agents. 
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Recent work in this laboratory has shown that acetanilide is metabolized in 
man through two routes (1). The major one involves oxidation to N-acetyl 
p-aminophenol. It was suggested that the analgesic effect of the parent drug is 
directed mainly through this compound. A minor route of metabolism involves 
deacetylation to yield aniline. This compound was shown to be the precursor of 
the substance, probably phenylhydroxylamine, which is responsible for the 
formation of methemoglobin. The similarity in structure of acetophenetidin 
(p-ethoxy acetanilide) and acetanilide suggested that acetophenetidin might be 
metabolized through similar routes. 

Work previously reported on the fate of acetophenetidin in the body is meager 
and suggests that the compound is first deacetylated to p-phenetidin (p-ethoxy 
aniline) which is then deethylated to p-aminophenol, the latter compound being 
then excreted combined with sulphuric or glucuronic acid (2). 

The investigation described here concerns the physiological disposition and 
chemical fate of acetophenetidin in man and the pharmacological activity of its 
transformation products. 

CnEMicAD Methods. Sensitive methods for the estimation of acetophenetidin and its 
metabolic products were required in the study of the physiological disposition of acetophene- 
tidin. These methods are described below. 

Determination of acetophenetidin: In the method reported below, acetophenetidin is 
isolated from biological material by extraction into benzene. The benzene is evaporated and 
the residue taken up in acid. The acetophenetidin is hydrolyzed and the resulting p-phene- 
tidin diazotized and coupled with alpha naphthol. The dye formed is extracted into a small 
volume of benzene, the benzene solution acidified with trichloroacetic acid and the dye 
assayed at 600 mu in a spectrophotometer. 

Procedure: Add 1 to 5 co. of biological material’ at pH 6 or higher (sample containing up 
to 10 mierogm. of acetophenetidin) to a 60 cc. glass-stoppered bottle containing 30 cc. of 
isoamyl alcohol-benzene.’ Dilute the aqueous phase to 5 cc. if its volume is smaller than this. 

' The work described in this paper was supported by a grant from the Institute for the 
Study of Analgesic and Sedative Drugs. 

’ Presented in part at the meeting of the Federation of American Societies for Experi- 
mental Biology held at Atlantic City, New Jersey, in March, 1948. (Fed. Proc., 7: 207, 1948). 

’ Organ tissues and feces are prepared for analysis by emulsification in acid as described 
in a previous paper (3). 

’ A technical grade of benzene is purified by successive washings with liV NaOH, IN HCl 
and three washings with water. Isoamyl alcohol (1.5 per cent by volume), reagent grade, 
which has been similarly treated is added to each solvent to minimize the adsorption of 
the compound from the solvent onto glass surfaces. 
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Shake for ten minutes and ccntrifuRC the Imttic. Transfer 20 cc. of the eolvont idiasc to n 
M cr. wiiio‘mouthccl praduated conical tube and evaporate on n boiUnR water bath to 
appro'cimately 0.2o cc. A stirrinp rod in the lube aids evaporation. Add approximately 7 cc. 
of 0.5 HCl and heal on a boilinp water bath for 45 minutes. Cool and adjust the volume 
with water to exactly 0 cc. Transfer 5 cc. of the solution to n lo cc. plius-s-stoppercd conical 
contrifuRC tube, add 0.5 cc. of 0.2 per cent sodium nitrite solution and let stand in the refrig- 
erator for twenty minutes. Then add Qdi cc. of I |>cr rent nmmonitim sulfamalo. Wail two 
minutes and add two drop.s of a 10 per cent solution of rrsuhlimcd alpha iiaphthol in alcohol, 
followed by 1 cc. of 4N XaOH. Wait ten minute.s‘ and add 0.5 cc. of concentrated IICl ajtd 
0.5 cc. of the isoannl alcohol-bcnreno. Shake for oiio minute, thu.s e.xlracting the dye into 
the benzene and then centrifuge. Introduce a finely drawn glass tube to the bottom of the 
lower aqueous layer and gently aspirate all but the last traces of water. This brings the 
solvent phase into tlie narrow portion of the ttibe, thus facilitating it.s subsequent transfer. 
Draw up bj- means of a capillarj* pii>et and a rubber bulb 0.3 cc. of the soU'cnt j^haso and 
tran.^fer lo a microcolorimetcr tube. A<hl U.l cc. of a 25 per cent solution of trichloroacetic 
acid in clbylene <Iichloride, Mix by tapping the tuljo and determine the optical density of 
the Kolutiun at GtXl mu in the Coleman mcKlcl C 6pcctroi>hotojnfitor ndnpled to microspt'ctro-* 
photometry (4) .V reagent blank run through the procedure should not give an optical den- 
sity of more than 0.020 when benzene plus Irichloro.ioetic acid is used for the zero setting.* 

The <lihtrihulion of acelophenelidln in a l>enrcne-watcr system is such that with volumes 
nf 30 and 5ec., re.spcclively, about 05 percent of the acclophenelidin is in the organic ph.osc. 
fc^tandanls arc therefore prepared by baiidling known amount.s of acctophenctidin in the 
same manner as the tinknowna. The optical densities arc proportional to concentration. 
An optic.al density of approximately O.OSO is obtained in the ndaj»ted Coleman model C 
spectrophotometer when I microgm. of acetophenclldin is run through the procedure des- 
cribed above Ptandardu are run with each set of determinations since there is a small daily 
variation in the optical dotisitie.s. 

Acclophenelidin afldc<l to biological material in amounts from 1 to 5 microgm. vas rc- 
covennl with sntiEfactory precision (OG sb 5 |>cr cent). 

DfUrmtnationof p'pheuctidiu (p-r(/u/xf/om7»Mf): p-Phenolidin is isolated from biological 
material by extraction in benzene, and returned to dilute acid. Jt is then dlarolizcd and 
ctmpicd with alpha naphlhol. The resulting dye is extracted into a small volume of l)cnzcnc, 
acidified with trichloroacetic acid andas.snycd at COO mu in a spectrophotometer. 

I’rocoluTc: Add I to 5 cc. of biological material* ut pll G or higher (sample containing up 
to 10 microgm. of p-phonctidtn) lo 30 re. of 5«>oaroy! alcohol-benzene* in a CO cc. gla.s.s-stop- 
perc«I bottle. Sliakcfor ten minutes and then ccutrifugetbo bottle. Tranisfer 20 cc. of the ben- 
zene pha.«c to a CO cc- gla-ss-stoppcrcd IwtUe con(.aining G cc. of 0.5.Y nCl. Slmkc for five 
miimtesajjd centrifuge. Hemove tbolfcnzcne by .aspiration. Transfer 5 re. of the aqueous phase 
to a 15 cc. glass stopi>ored centrifuge tuln; and estimate the p-phonetidin ns described in the 
acott)pbenclidin procedure.* reagent blank run through the proccilure should not read more 
than 0 010 when benzene plu.s trichloroacetic acid ks used for the zero selling. 

Standards are prepared by taking 5 re. of standard soUitioir in 0.5 jV IICI and adding ni- 
trite, fculf.amate, coupling reagent and alkali followed by extraction of the acidified dye into 
benzene .os described in the acelophcnctidin procedure. A blank of 5 cc. of 0..5A' IICI and the 
other reagents i.s used for the zero setting. Tho optical dcn.sitics arc proportional to concen- 
tration. An optical <len.sity of approximately 0.100 is obtained in the Coleman model C 
.‘•poetrophotometer when 1 micrognj. of p*phenetidin is run through the procedure. 


* In the determination of larger amounts of acctophenctidin or p-phonetidin (10 microgm. 
or more) which may be found in urine, and occasionally in plasma in the c.asc of acctophcnc- 
tidin, the optical density of the dye max' be determined directly in the aqueous alkaline 
solution at a wave length of .500 mti. 

* Acctophenctidin valuc.s arc corrected for p-phenctidin whicli may be present. 

■ The p-phcnelidln standard is prepared by dissolving 120 mgin. p-plienctidin in 6 cc. of 
ethyl .alcohol and diluting to 1 liter xvitliO.lA’ IICI. 
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p-Phenetidin added to plasma, urine and homogenized organ tissues was recovered with 
satisfactory precision (95 ± 3 per cent). 

N-aceUjl p-aminopkenol and p-aminophenol (free and conjugated) were estimated by 
methods previously described (5). Methemoglobin was determined by a slight modification of 
the method of Evelyn and Malloy (6). 

Evidence for the identity of the substances determined in biological tissues: It was important 
to examine the specificity of the chemical methods since conclusions concerning the fate of 
acetophenetidin depended upon a knowledge of the identity of the substances measured in the 
biological material. The blanks in normal biological material were negligible. A technique, 
previously described by us, permits the identification of a substance being measured (3). 
It invoh'es a comparison of the distributions of the substance with those of the authentic 
substance in a two-phase system consisting of an organic solvent and water at various pH 
values. The distribution of p-phenetidin, N-acetyl p-aminophenol and p-aminophenol 
(obtained after hydrolysis of conjugated forms) between an organic solvent and water at 
various pH values was compared ndth those of the apparent compounds extracted from 
urine. Acetophenetidin being a relatively neutral substance with a negligible dissociation 

TABLE 1 

Distribution of acetophenetidin and apparent acetophenetidin between water and various 

benzene-petroleum ether mixtures 

The apparent acetophenetidin was obtained by benzene extraction of the urine of a 
subject receiving the drug. After washing with dilute HCl to remove p-phenetidin, the 
benzene phase was evaporated to dryness and the residue dissolved in water. Aliquots 
of this solution and of an authentic acetophenetidin solution were adjusted to pH 7 and 
extracted with equal volumes of the various benzene-petroleum ethermixtures. The frac- 
tion of the compounds extracted with the various solvent mixtures is expressed as the 
ratio of the amount of compound in the organic phase to total compound. 


MR CENT RETROLETO ETHER IN ! 

BENZENE 

AUTHENTIC ACETOPHENETOIK 

AEPASEKt ACETOPHENEXIDIN FROU 
UilKE 

0 

0.95 

0.93 

25 

0.85 

0.83 

50 

0.66 

0.61 

100 

0.15 

0.16 


at various pH values was compared with the apparent acetophenetidin from biological fluid 
in a two-phase system consisting of benzene and petroleum ether in various proportions and 
water at a constant pH. 

The results with each substance indicated that within experimental error, the distri- 
butions of the apparent compounds from urine and the authentic compounds were the same 
(table 1, 2). It was concluded that the substances measured in biological fluids were identi- 
cal with the authentic compounds. 

Fate of acetophenetidin in man. Absorption and Excretion of Acetoplien- 
didin. iDfonnation concerning absorption from the gastro-intestinal tract and 
renal excretion of acetophenetidin was obtained from a balance study on two 
human subjects. The subjects were given acetophenetidin orally, 2 gm. daily in 
four divided doses for five consecutive days. Urine and stools were collected over 
the last 72 hours of administration. Less than 0.1 per cent of the dose was found 
in the stools, indicating that the absorption from the gastro-intestinal tract was 
essentially complete. Previous experiments had shown that the drug was not 
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destroyed after incubation in stool suspensions for 24 hours at 37“ C. The urinary 
excretion amounted to only about 0.2 per cent of the administered acetophen- 
ctidin indicating that the drug underwent extensive metabolic change in the 
body. ■ . 


TAPLE 2 

of apparent p-phentiidirit N^cetyl p^aminophenol, p-arninophenol and the 
authentic substances beticeen an organic Bohent and water at tarious pll 
The apparent compounds were extracted from the urine of subjects receiving aceto- 
phcnctidln and returned to an aqueous phase as described under tho clicmical method 
for each compound. Allquota of the aqueous pha.sra were adjusted to various pH’valucs 
and extracted w ith a solvent. Aqueous solutions of the authentic compound.s were similarly 
treated. The aliquots of p-phcnclidm were evlracted with two volumes of benzene and 
those of p-aminophenol with eight volumes of ether. Tiio X.acctyl p*nminophcno! aliquots 
were saturated with sodium chloride and shaken with five vo!ume.s of ether. The fraction 
of the compound.s extracted at varioiw pH values is expressed as the ratio of the amount 
of compound in the organic phase to total compound. 


pH 

IvntCSTTltJIK 

N.ACtnn. |v-AuivonttKf\L 

tv-AUi.’.'oniEfni, 

Auih<aiU 

Apt«»tfni 

AaiHfnli< 

Api^Jttnt 

AuUirnlic 

Aj'fiarent 

3.0 

0.05 

O.OG 



n.oi 

0,01 

• 1.0 





0.07 

0.05 

5.0 

0.00 

0.89 



n ..37 

0.37 *’ 

G.O 





0.70 

0 70 

7.0 


0.93 

0.88 


0.74 

0.74 

9.0 







10.0 







11.0 



0.62 

0.58 



13.0 



0.00 

0.00 



(O.OLV NaOU) 
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TABLE 3 


Plasma acetophenetidin and per cent methemogtobin following oral administration of 1 .S and 
S gram doses of acetophenetidin to man 



1 SUBJZCT A (!.] Clf ) 

j BCnjlCT » <1.0 cu.) j 

j Bi’njrcT c (3 0 cu )_ ^ ^ 




Acelo* 1 

MethcjRO- 

Aceto- 



phenetidia 

(lobln 

pbcnelidia j 

Klobin 

phenetidin 

KlQbin ,, 

hrs. 


{■tr Cfnl 


prr tnl 

/L 

per eent 

1 


0.3 


1.2 

I 1.4 

O.G . 

2 


0.8 


1.2 

i 0.8 

0.6 

3 


1.3 


2.1 



6 

0.2 

1.0 

i.i 

1.9 



S 

0.1 

1.3 i 

0.2 

1.7 




Plas?7ia co?tccnfrafion — lime curves. Plasma concentralions of acclophenCtidin 
and per cent mcthcmoglobin were measured after the administration to man 'Crf 
single oral doses of 1.2 and 2 gm. (table 3, typical of ten similar experiments). In 
all cases absorption ^Yas rapid, peak plasma levels being achieved in one to two 
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hours. The magnitude of this peak, however, was small and showed considerable 
variation for different subjects. The dmg disappeared from the plasma so rapidly 
that only traces were found after five hours. Methemoglobin formation was 
small and considerably lower than after similar doses of acetanilide (1). 

Acetophendidin and Us Transformaiion Produds Found in Urine. Information 
concerning the transformation products of acetophenetidin was obtained from 
the examination of the urine of six subjects given 1 and 2 gm. of the ding orally 
(table 4). The urines were collected for the succeeding 24 hours and examined for 
the drug and its transformation products. Negligible quantities of the parent 
drug or its metabolites were excreted after 24 hours. Approximately 0.2 per cent 
of the administered acetophenetidin was excreted unchanged, 0.1 per cent as the 
deacetylated form, p-phenetidin, (p-ethoxy aniline), 3.5 per cent as the de- 
cthylated form, N-acetyl p-aminophenol, and the major portion, about 74 per 

TABLE 4 

The metabolic f ale of acetophenetidin in man 

Recovery of acetophenetidin and its metabolic products from the urine of subjects 
given single oral doses of acetophenetidin. 

The urine was collected over a period of 24 hours. The proportion of the various me- 
tabolites is expressed in percentage of the amount of acetophenetidin administered. 


DHUO AJ)?<IIKlSTEREt) 

ACETOPITEKETIOIN 

P-PEENETIDIK 

N- ACETYL 
p-AinNOWIENOL 

COKJOCATEO N-ACETVL 
JVAIDWPSENOL 

gm. 

per cent 

per cent 

per cent 

per cent 

1.0 


0.12 

3.5 

82 

1.2 

0.36 

0.12 

4.7 

65 



0.04 

3.1 

SO 


0.30 

0.15 

3.6 

81 


0.23 

0.03 

2.6 

81 

2.0 

0.23 

0.13 

3.9 
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cent, as conjugated N-acetyl p-aminophenol.® The nature of the conjugation at 
the hydroxjd group was not investigated but bj’- analog 3 '' with the conjugated 
N-acetyl p-aminophcnol formed from acetanilide it was presumably a mixture of 
the sulfate and glucuronate (7). That the conjugated p-aminophenol was also 
acct 3 dated was surmised from the absence of free amino groups in the urine 
other than that due to the small amount of p-phenetidin present. Free p-amino- 
phenol was not detected in the urine. 

Acetophcnclidin and its Transformaiion Produds Found in Plasma. Plasma con- 
centrations of acetophenetidin and its transformation products, were measured 
in subjects after single oral doses of 1.2 gm. of acetophenetidin (fig. 1, typical of 
seven similar experiments). The levels of the parent dnig were low and declined 
rapidlj' while those of its derived product, N-acetyl p-aminophenol quicklj' rose to 
considerable levels, suggesting that acetophenetidin was quicHy deethylated to 
this compound. The levels of N-acetyl p-aminophenol persisted when aceto- 

® Conjugated N-acct 3 ’l p-aminophenol is total conjugated p-aminophcnol less the N-acc- 
tyl p-aminophenol. 
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phcnctiUin hncl already declined to negligible proportions. Conjugated N-acelyl 
p-nminophcnol, formed from N*acctyl p-nminoplicnol, remained elevated beyond 



Fio. 1, PlaainA levels of ncctophenclMlin (solid linclnnd itsinelnbolltcs.N'acctyl p-nml- 
nophenol (dashed lino), and conjugated N^ncety! p-nminophenol (dnsh'dot line) nflor the 
oral adminsUallon of 1.2 gm. o! acctoplienetulin to man. 


TABLH 5 


Dis{rt6u{tOTV o/ cec(flp^enc{^d^n, p-phc««(idm end iV-ncctyl p-«minoplicnol in dojj lisnucu 
The dog received 2,7 gm. of acetophenetidin orally. The tissues were examined two 
hours after the administration of the drug. 
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cove. IM rumA WATCK 


Aceto- 

phenelidin 

n-plwnct* 

idin 

TWAtOlSiV 

pIlCROl 

Acclo* 

ptienelidin 

n-phentl- 

irlin 

N-acttyl 

phenot 

Plasma 

Red Cells 

mswt /tfn. 

57 

CO 

12.3 

13.5 

OG 

DC 

l.CO 

1.70 

1.50 

C.S.F 

30 

8.5 

40 

0.50 

O.Gl 

0.48 

Liver 

01 

50.5 

90 

2.10 

5.45 

1.32 

Kidney 

67 

26.5 

lOi 

1,40 

2.62 

1.20 

Heart 

5G 

19.2 

70 

1.21 

1.80 


Spleen 

GS 

13.5 

80 

1,44 

1.37 


Lung 

70 


8S 

1.47 

1.97 

1.11 

Brain 

77 

1G.5 

82 

1.67 



Muscle 

4S 

17.1 

GO 

1.05 

1.74 

O.DO 


the tune that N-acctyl p-aminophcnol had declined to low levels. Neither p-phen- 
etidin nor free p-aminophcnol could bo detected in plasma. 

AcclophcncHdin and its Transformation Products Found in Tissues. The dis- 
tribution of acetophenetidin and its transformation products, p-phcnctidin and 
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N-acetyl p-aminophenol, was examined in representative tissues of a dog given 
2.7 gm. of acetophenetidin orally. Two hours after drug administration the 
animal was killed by an intravenous injection of air and the tissues were sampled 
immediately. The tissue water content was determined by drying to constant 
weight at 95-100° C. The tissue concentration of the various compounds was 
measured and calculated in terms of tissue water (table 5). N-acetyl p-araino- 
phenol was found to be distributed fairly evenly in terms of body water, while 
acetophenetidin and p-phenetidin were concentrated to a considerable degree in 
most tissues. All three compounds were concentrated to some degree in red 
blood cells and there was some hindrance to their free passage into the cerebro- 
spinal fluid. 

The extent to which the compounds were bound to plasma proteins was 
determined by dialysis against isotonic phosphate buffer of pH 7.4 at 37° C. 

TABLE 6 


Plasma levels of N-aeelyl p-aminopkenol and conjugated N-aeeiyl p-aminophenol after the 
oral administration of 1 gram N-acetyl p-aminoplienol to man 


TmE 

SUBJECT A 

SUBJECT B 

N-acetyl 

p-aminophenol 

Conjugated N-acetyl 
p-aimnophenol | 

N-acetyl 

p-aminophcnol 

Conjugated N-acetyl 
p-arainophenol 

hours 1 

msm./L. j 

msm./L, 

mgm./L. 1 

mgm./L. 

1 

2.9 

2.8 

5.8 

4.2 

2 ! 

8.2 

9.8 

10.9 

11.0 

3 1 

4.6 

13.4 

7.6 

12.0 

5 j 

2.6 

8.2 

2.9 

8.3 

8 

0.0 

2.8 

0.0 

5.0 


Visking membranes were used for the dialysis bags. Acetophenetidin and p-phen- 
etidin were bound to the extent of approximately 30 per cent, N-acetyl p-amino- 
phenol to the extent of approximately 25 per cent at the plasma levels occurring 
in the above dog experiment. 

Fate of the Metabolites of Acetophenetidin in the Body. Previous work with 
N-acetyl p-aminophenol showed that approximately 85 per cent of the orally 
administered compound was recovered in the urine in a conjugated form while 
approximately 4 per cent was excreted unchanged (1). The probable role of 
N-acetyl p-aminophenol in the analgesic action of acetophenetidin prompted a 
further study of its physiological disposition. Subjects were given 1.0 gm. of 
N-acetyl p-aminophenol orally and plasma levels of the compound and its con- 
jugated form were determined at various time intervals. The drug was absorbed 
rapidly, peak levels being achieved in one to two hours (table 6). Negligible 
concentrations of the drug persisted after eight hours. Peak levels of the con- 
jugate were achieved somewhat later and the levels persisted longer. The admin- 
istration of N-acetyl p-aminophenol was not attended by the formation of 
methemoglobin. 

Because of the role it plays in the toxicity of acetophenetidin, the fate of 
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p-phciictidin was Btudiwl in dogs. Twonty-four mgm./kgm. of p-plicnctidin was 
adminislcrcd orally to two dogs and urine was collected for dS houre subse- 
quently. Approximately 2 per cent of the parent drug was excreted unchanged 
and 40 per cent as conjugated p-aminophcnol. The fate of the remainder of the 
p-phenetidin was not dctorminctl. The conjugated p-aminophcnol in the urine 
was not acetylated since it gave a reaction for a free amino group, a fact which 
is in accord with the obscia’ation that the dog doc.s not acctylatc amino groups. 
By analogj' with tho Icnown fate of aniline which forms hydroxy conjugated 
p-arainopbcnol in the dog but conjugated N-acctyl p-nminophenol in man, it is 
probable that acetylation would occur in the human (1). 

The Uok of p-Phautidin in the Formation of Mdhcmorihbin. Acctoiihcnctidin 
is reputed to bo less toxic than acetanilide, causing leas incthemoglobin and 
anemia (SI. This is consistent with the smaller degree of dcacetylation to an 
aromatic amine. In fact p-phenctidin could not be detected in plasma after the 
ingestion of therapeutic doses of acetophcnctidin in man. However a small 
amount of p-phenetidin was found in urine, indicating that some dcacetylation 

TABLE 7 


Correlation of p-phenetidin and mrthcmOQlobin tcrcts in the blood after the administration 
of p-phenetidin and aeetophenetidin to dogs 


IXXJ 

ccnsTANcr AovivitTctro 

AMOl'NT 

Antt>amii&] 

ITASVA p-nir-NTT* 
IDWMAXtWtrU 
UAtU 

U ISCttffX 

u£'nrn«y.ionjN 



mpH./ktn. 


tef am 

1 

Aeetophenetidin 1 

-6 1 

4.3 


2 

Aeetophenetidin ! 

75 

6.2 


1 

p-Phenotidin 

12 , 

5.0 


2 ! 

p-Plicnctidin 

12 1 

C.C 



had occurred. Small amounts of methcmoglobin were found after the oral admin- 
istration of aeetophenetidin. Methcmoglobin was also found after the adminis- 
tration of small amounts of p-phenetidin to dogs. This suggested that tho 
methcmoglobin in the blood after the administration of aeetophenetidin might 
h.ave been formed as the rcsidt of amounts of p-phenetidin too small to be identi- 
fied chemically. The evidence for this was that the amount of incthemoglobin 
in the dog was correlated with tho plasma p-phcnclidin concentration subsequent 
to tho administration of large doses of either aeetophenetidin or p-phenetidin 
(table 7). WHiole blood incubated for 2 hours at 37° C. with either drug at concen- 
trations of 200 microgm. per cc. showed no accumulation of methcmoglobin. It 
was concluded from this that the hemoglobin in tho body was not oxidized to 
methcmoglobin directly by p-phenctidin but by some product derived from it in 
the organism. 

As in the case of acetanilide, the nature of the actual methcmoglobin forming 
compound is not known. It is not p-aminophcnol since this compound was not 
present in detectable amounts in the blood or urine. Neither is it N-acctyl 
p-aminopbcnol because no mothemoglobin is formed after its administration. 
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The methemoglobin forming compound is derived solely from the fonned 
p-phenetidin. 

Discussion. The following route of metabolism of acetophenetidin in man is 
suggested by the observations described in this paper. 

H N CO CHa H N CO CH, H N CO CHa 

(R= Sulfate or 
glucuronafe) 



O CaHa OH 

Acetophenetidin N-acetyl p-aminophenol 




O R 

Conjugated N-acetjd 
p-aminophenol 


0 CjHa \ 

p-phcnctidin Methemoglobin 

forming compound 

The main route of metabolism appears to involve two serial steps. The first is 
rapid deethylation at the ethoxy group to form N-acetyl p-aminophenol, the 
same metabolite that results from acetanilide by oxidation (1). The second step 
is conjugation of N-acetyl p-aminophenol at the hydroxyl group presumably with 
sulfuric or glucuronic acid. A small part of the acetophenetidin deacetsdates to 
yield p-phenetidin. This compound is in turn deethylated and presumably 
converted in part to N-acetyl p-aminophenol. p-Phenetidin also appears to be 
the precursor of the substance which is responsible for the formation of methemo- 
globin. 

N-acetyl p-aminophenol has long been Imown as an active antipyretic in man 
(9). Previous work has suggested that it is also an active analgesic (10). The 
rapiditj’^ with which it forms in the body from acetophenetidin suggests that the 
activity of the parent compound is directed through N-acetyl p-aminophenol. 

summary 

1. Methods are described for the determination of acetophenetidin and 
p-phenetidin in biological fluids and tissues. 

2. The route of metabolism of acetophenetidin in man is as follows: the major 
fraction of the drag is rapidly deethylated to N-acetyl p-aminophenol; this com- 
pound is excreted in a conjugated form; a minor fraction deacetylates to form 
p-phenetidin; this compound was shown to be the precursor of the substance 
which oxidizes hemoglobin to methemoglobin. The analgesic and antipyretic 
action of acetophenetidin is exerted mainly through N-acetyl p-aminophenol 
which is an active analgesic and antipyretic. 
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and even more of the I isomer of desox^mphedrine. The hj’drogenated compounds 
are much less active in raising the blood pressure than would be expected from 
the animal data, but the relationship between the optical isomers remains the 
same; i.e., the I isomers are more active than the d, and the N-methjd derivatives 
are less active than the unsubstituted compounds. 

As an approximation of the duration of action, the time that the blood pressure 
was elevated over one-half the total increase in pressure was used (10, 12). The 
average “50 per cent duration times” are given in table 1. The differences in 
duration in the dog experiments are very small and may not be significant, but 
the trend is for the unsubstituted compounds to be longer in duration than the 
N-methyl compounds, and the aromatic compounds to be longer in duration 
than the cyclohexjd compounds with the d isomers of the aromatic compounds 
longer acting than the I, but the I isomers of the cjmlohexjd derivatives longer 
than the d. The durations of action of the agents in man are not significantly 
different at the dose levels that produce comparable rises in blood pressure. 
The agents start to elevate the blood pressure 45 to 75 minutes after ingestion 
and the elevation lasts an additional 90 to 135 minutes. 

Even the rather large doses of the cyclohexyl compounds given to man did not 
produce any of the euphoria or talkativeness always obseiwed with the doses of 
the phenyl compounds given. The 17-23 mm. rise in blood pressure used as an 
index was accompanied by a comparable rise in diastolic blood pressure and a 
concomitant decrease in pulse rate, but there was no incidence of dry mouth, 
palpitation, headache, numbness of extremities, or exaggerated pilomotor re- 
sponse in the 24 individuals used as test subjects. In seven other individuals of 
the original 40 that exhibited rises in ^stolic blood pressure greater than 30 mm. 
Hg following the administration of 12.5 mgm. d-amphetamine, some or all of 
these effects were noted. 

The results for the racemic or dl-mixtures of the compounds are intermediate 
between the results for the separate isomers. 

Discussion. Alles (6) found d and l-amphetamine to be almost equipotent in 
etherized rabbits although the d isomer was more active in man. Similarly, we 
found these compounds to differ very little in barbitalized dogs, although the d 
isomer was more active in unanesthetized dogs. These results are the opposite 
of those of Swanson el al. (7) which were obtained in pithed dogs. Lands el al 
(8) suggested that a similar discrepancy between the results of the two groups 
for the desoxyephedrine isomers might be explained on the basis of a greater 
effect of the d isomer on the central vasomotor center. 

Although the rotation of plane polarized light by the I or more active cj'clohexyl 
compounds is opposite to that of the more active compounds in the aromatic 
group, the more active agents presumably have the same configuration about 

the asymmetric carbon atom, since the levorotatorycyclohexylisopropylamineis 
sjmthesized by the reduction of the dextrorotatory amphetamine (9). Alles (6) 
has pointed out that Leithe’s work indicates that dextrorotatoiy amphetamine 
has the same configuration as Z-ephedrine. Consequently, the more active agent 
in all of these pairs of compounds may be presumed to have the same spatial 
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conlipurntion al)Out the nsymmetrie carbon atom, and ttio relative positions of 
the rioR and the nitrogen atom in space would be the same. The greater activity 
might be duo to a better fit into the molecular architecture of the activating area 
in s>-rapathctic end organs which arc designed to bo activated by sympathins 
structurally related to 1-cpincphrinc. 

Although Gunn and Gurd (13) fo\md df-eyclohcxjdisopropylamine to have some 
central nervous system stimulant activity in groups of mice, no obvious indi- 
cations of tliis elTcct were obserr'ed in man with doses of any of the cyclohcxjd 
compounds that wore as much ns ten times that required to give an obvious 
central nervous stimulating cITccl by d-amphetaminc. 

The effect of the transition from intravenous administration in dogs to oral 
administration in man is pronounced, since the least active cyelohcxj'l compound 
is almost one-third ns active ns the most active phenyl compound in the dog, but 
the spread has increased until the least active compound is only one-tenth ns 
active as the most active one in man. 

BUMMAllV 

d-Amphctaminc sulfate i.s more active than /-amphetamine -sulfnic in raising 
the blood pressura of barbitalizcd and unanosthetized dogs. Both of these i.somors 
arc more active than the corresponding deso.vyeplicdrine hydrochlorides, although 
rf-<lesoxycphcdrinc is more active than 1. Conversely, /-cyclohcxj-Iisopropylamine 
hydrochloride is more active than rf, and they both arc slightly lc.ss active than 
the corresponding amphetamine feomers. The cyclohcxylisopropylmctlij'lamini 
hydrochlorides arc the least active of all, although the / isomer is more active than 
the d isomer. 

On oral administration in man, tf-trmphctaminc sulfate is the most active 
agent in this group in raising the blood pressure, with the I isomer of amphet- 
amine and d-dc.soxj-ei)hcdrino about one-half as active, /-desoxj-ephedrine about 
one-third, the cyclohexj'lisopropylamincs one-sixth to one-eighth, and the cyclo- 
hcxylisopropylmcthylamincs only onc-cightb to one-tenth as active. The am- 
phetamine and desoxj'cphcdrinc isomers produce obvious central nervous CTstem 
stimulation in man while the cyclohcxylisopropyl and cyclohcxylisopropyl- 
mcthylamines do not. 
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The name curare has been applied to potent preparations obtained by aqueous 
extractions of certain South American plants. lypical curare activity, as ex- 
emplified by the action of extracts of Chondodendron tomeniosum, is charac- 
terized by a quantitative interference with the transmission of ner^^e impulses 
to the effectors in voluntary muscle. The evident result, therefore, of parenteral 
administration of curare is the relaxation of skeletal musculature. It is this 
property which makes curare and its alkaloids useful to the anesthetist, surgeon, 
psychiatrist and neurologist. The availability of stable, purified, standardized 
preparations of curare for clinical use has been dependent largely upon the 
development of an accurate, reproducible biological method for their potency 
determination. 

The purpose of this paper is to present in detail the head-drop assay method 
used in these laboratories over a period of nine years for the determination of the 
potency of various curare extracts and alkaloids, and to describe briefly other 
assay procedures studied prior to its development. Other methods have been 
reported within this interim for the assay of curare or curare-lilce preparations, 
which have utilized the typical effect of curare on intact animals (8-21), on 
isolated nerve-muscle (21-25) and in situ nerve-muscle (13, 14, 15, 20) prepa- 
rations, on the acetylcholine contraction of isolated skeletal muscles (19, 26, 27), 
and in morphinized animals (28). 

Experimental. In selecting a suitable method for the assay of curare prepa- 
rations, several procedures have been investigated and evaluated. The method of 
finding the minimum dose of curare required to produce paralysis in frogs follow- 
ing injection into the ventral lymph sac was found impractical because of the 
very large number of animals necessary to obtain a precise evaluation of relative 
activity of test sample and standard preparation. Determination of the lethal 
dose by subcutaneous injection into mice and other animals has also been used 
as a method for standardizing curare extracts. Our results when using the sub- 
cutaneous LDso for evaluation of potenc 5 ’- indicated that the same objections 
apply to it as to the frog-paralysis test. Skinner and Young (17) have recently 
reported a subcutaneous method for determination of the 50 per cent effective 
dose, utilizing a slanting, rotating cylinder from which paralyzed mice fall. 
They reported greater precision than we were able to obtain with the subcutane- 
ous LDso procedure given above. 

1 Part of the material in this paper was presented before the American Society for Phar- 
macology and Experimental Therapeutics, Federation meetings, Atlantic City, March 17, 
194S. See Fed. Proc., 7: 261, 1948. 

The basic method was described briefiy by Bennett (1), Holaday (2) and Diitcher (3) 
and has been used in various modifications by several investigators (4-16). 
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Thn (Ictonninntion of Iho intravenous LDm (50 per cent nnoxic fatal dose) in 
tlirce species was investiRnted as anotlicr approacli to tins problem. Altliougb 
this proi'ciJure proved fairly accurate in the rabbit, it was considered too costly 
for routine assays. In comparison with the results obtained in rabbits, those in 
mice and particularly those in rat.s showed much greater variation in rc3i)onso to 
a single rapid injection. This was due in part to the early appearance in the rodent 
of an anoxic condition with conrailsive effects before all the respiratorj' muscles 
were paralyzed. However, contrary to the findings of Cohnberg (29), it was found 
that .such convulsions could he largely obvi.atcd or that r.ats showing such move- 
ments became relatively quiet when positive pressure artificial respiration was 
given through a tracheal cannula. 

Concurrently with these studies the curare eilecl on local muscle groups was 
investigated as a possible assay procedure. As the result of many trials with 
various mammalian nerve-muscle preparations in situ and with amphibian prepa- 
rations in situ and after isolation, a methorl utilizing the isolated frog gastroc- 
nemius muscle was evolved. It was found that this muscle, when suspended in a 
bath of modified Ringer’s solution, would contract upon addition of acetylcholine 
to the bathing fluid. This contraction, recorded isomctrically, was partially or 
completely inhibited by the prior addition of curare c.xtrnct to the bath. The 
degree of inhibition was quantitatively rclatcrl to the concentration of curaro in 
the bathing fluid by logarithmic function. This method was e.'ctrcmcly accumto, 
giving very high dose-response correlation (0.999), and was used extensively for 
comparison of the activity of fractions obtained in the purification of various 
curaro extracts. Unfortunately, it was found that some curare preparations, even 
from the same source, purified by the same procedure and standardized by the 
frog gastrocnemius method, showed widely different activities when used in 
humans. 


Development of the Rabbit Head-drop /Issoy 

In the early study of the effect of curaro in the intact, unanesthetized animal, 
it was decided that, of all the muscle groups successively aflcctcd, the relaxation 
of those supporting the head appeared most suitable to use ns the endpoint of 
the nss.ay (head-drop). Preliminary investigations of the parenteral modes of 
administration of curare showed that the intravenous route gave the most eonstant 
and reproducible results since the curaro cITcct was fairly rapid in onset and of 
comparatively short duration. The rabbit was first chosen as the experimental 
animal because of the case of making repeated intravenous injections in this 
species. Later when the assay method, utilizing slow intravenous titration to 
head-drop, had been better eslablished, a study of the variation of the daily 
head-drop dose of curare by this method revealed that the rabbit yielded more 
constant results than the rat or the mouse. Even though the endpoint was found 
to be fairly sh.arp and quite constant from day to day in the dog, cat and monkey, 
these animals were not used for routine testing because they were more difficult 
to handle, more expensive and less easily obtained than rabbits. 

Rate of Administration; In a study of the effect of rate of injection on the 
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sharpness of the head-drop endpoint, on the head-drop dose and on recoveiy 
time, several series of experiments in rabbits were conducted. '^Tien the material 
was injected too slowlj’- the administration rate so closely approached the elimi- 
nation rate that the endpoint either was not reached or was achieved only after 
administration of relatively large amounts of the drug over an unduly pro- 
longed period. On the other hand when the administration was too rapid the full 
effect of the amount of curare given was not obtained at the time head-drop was 
reached, and later an over-effect was produced as evidenced by prolonged curari- 
zation and increased incidence of respiratory paralysis. Further, and of more 
importance, the rapid progression of curarization from the initial signs of re- 
laxation of the neck muscles to complete respiratory paralysis made it impossible 
to differentiate clearly the head-drop endpoint. 

When curare was injected intravenously at an intermediate rate into a normal 
rabbit, a gradually developing relaxation of the muscles of the back and neck 
resulted and the endpoint was sharply defined and easily determined. (For 
description of endpoint see “The Head-drop Endpoint” under the Rabbit 
Head-drop Assay Procedure.) Photographs from these laboratories showing 
progressive stages of curarization in the rabbit including the head-drop endpoint 
were published by Bennett (1). A 2 unit per cc. extract of the reference standard 
curare powder, given at a rate of 0.1 cc. every fifteen seconds, resulted in a 
satisfactory endpoint within three to eight minutes from the beginning of the 
intravenous injection. (For definition of unit see “Preparation of Solutions” 
under the Rabbit Head-drop Assay Procedure.) 

The data presented in table 1 show the effect of change in injection rate. A 
concentration of 2 units per cc. of a single solution was used throughout the 
series. Prior to use in these experiments each rabbit had been given a head-drop 
dose of curare at a control rate of 0.1 cc. each fifteen seconds on at least two 
consecutive days (see section on “Necessity for Preliminary Injection”). Each 
animal in each group then received on successive days the same solution at two 
different rates, namely, at the control rate and at an experimental rate of either 
one-fifth, one-half, two or four times the control rate. For each group of animals 
the arithmetic mean of the injection time, head-drop dose and recovery time 
appear in the first part of table 1, with the standard errors for the first two of 
these values which were calculated from the deviations of the results for individual 
animals in each group. The figures which are given in the last three columns of 
the table were calculated by determining the ratios of the experimental and 
control values for each animal and obtaining the geometric mean of these ratios 
for each group. Since the standard errors of the mean in each of these last three 
columns were calculated from the deviations of the ratios, i.e., paired injections 
in the same animals, they are, of course, lower than those appearing in the pre- 
ceding columns. 

When the experimental injection was given most rapidly, i.e., at four times 
the control rate (Group A, table 1), the average experimental head-drop dose and 
recovery time were markedly increased, and 80 per cent of the animals showed 
respiratory paralysis. When the experimental injection rate was twice the control 
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mte (Group B), tlio nvcmgc experimental head-drop dose was not significantly 
dilTcreiit from that of the control, but the average recovery time was significantly 
longer. Although no respiratory paralysis was observed in experimental Group B, 
it was found in further study of this rale of injection that the percentage of ani- 
mals requiring artificial respiration was so high ns to be impractical for routine 
assays. Furthermore, the dose increment at this rate was about 8 per cent of the 
total dose, whereas with the control rate it was about 4 per cent, the latter giving 
a more critical determination of the endpoint. 

A decrease in the rate of injection to one-half the control rate (Group Cl 
caused no significant change in either the avemge experimental head-drop dose 
or the avemge rccovety time. However, since about thirteen minutes were re- 
quired to reach the endpoint cQmp.ared with about six minutes at the control 

TABLE 1 


The EJTcct of Vorioug Injrttion Hates bp Crossover Pattern on the AveroffC /feod-drop 
Dose and Ilecoverif Time in Hobbits 
(A pingto 2 unit per cc. cumre solution injected intravenously) 
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rate, the test would be excessively time-consuming if carried out routinely at this 
rate of injection, inicn the injection was made at one-fifth the control rate 
(Group D), the avemge time required to reach head-drop was further extended. 
The 42 per cent increase in the average head-drop dose at this very slow rate was 
due in part to elimination of curare and in part to greater saturation of the tissues, 
the latter being indicated by a significant increase in recovery time. 

Since the standard and test samples arc injected at the same rate in the assay 
of curare by the crossover method, valid assays can bo conducted by using 
injection rates within the range of 0.05 to 0.2 ec. of a 2 unit per cc. solution every 
fifteen seconds. For reasons given above, tlic control rate, 0.1 cc. of a 2 unit per co. 
concentration given every fifteen seconds, was chosen for routine assays. It was 
found that a B.atisfactor3' endpoint could also bo reached by the rapid injection 
of a fixed percentage of the expected head-drop dose at the start of the test, 
followed by titration to head-drop at a slorver rate. Since the head-drop dose 
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varies widely from rabbit to rabbit and may change somewhat tlvroughout a 
series of daily administrations in the same rabbit, it was necessaiy to determine 
this dose periodically for each rabbit at the control rate in order that equivalent 
pei'centages of the same would be given as the initial rapid injection. For reasons 
of simplicity, this method was abandoned. 

Effect of Body Weight: To ascertain whether the dose necessary to reach the 
endpoint of the test was best expressed as dose per kgm. of body weight or as 
dose per rabbit, an analysis of the correlation between dose and body weight was 
made. From the earlier data a group of 80 rabbits' was selected at random for 
this purpose. Each rabbit had received at least five head-drop injections at the 
rate of 0.1 cc. of a 2 unit per cc. solution each fifteen seconds, the average number 
of daily injections per- rabbit being 9.7. Excluding the preliminary doses for 
reasons explained in the section on “Necessity for Preliminary Injections”, the 
average weight "a” of each rabbit in kgm. and the average total dose “b” neces- 
sary to cause head-drop in each rabbit were recorded. The correlation between 
“a” and “b” was then calculated using the following equation: 

j. _ ab — a-b 
ca-erb 

The application of this formula gave a calculated value for “r” of 0.600 ± 0.057 
standard error. This degree of correlation is not sufficient to contribute signifi- 
cantly to further reduction of the low standard en-or obtained in the crossover 
pattern which design practically eliminates any effect of differences in body 
weight upon the calculated potency. 

Necessity for Preliminary Injections: In order to determine whether the first 
few daily head-drop doses given to a rabbit were significantly different from or 
varied more than subsequent doses, an analysis was made of the variation in 
daily dose of curare necessary to cause head-drop. The data from 49 rabbits 
were selected at random; these rabbits received a minimum of eight head-drop 
doses each (an average of 14.1) at a rate of 0.1 cc. of a 2 unit per cc. solution each 
fifteen seconds. As a basis for comparison the average dose for each rabbit was 
calculated, the first three doses being excluded from this average by preliminary 
inspection of the data. The ratio of the first, second, and third to the average 
dose was calculated for each rabbit and the geometric means of these ratios are 
given in table 2. From the P values it may be seen that the first and second doses 
were significantly lower than the average dose, whereas this wms not true of the 
third dose. 

The coefficient of variation for the ratio of the first, second and third to the 
average dose was 24, 17 and 16 per cent, respectively, indicating that betw^een 
the first and second doses there w'as an appreciable decrease in the variation 
between animals. Therefore at least two daily preliminary head-drop injections 
should be given to a rabbit before it is used in the assay. It is also unwise to use a 

= Here and elsewhere in the following experimental sections, tjyical data chosen at ran- 
dom from hundreds of head-drop assays -were calculated, using sufficient data, however, to 
render the conclusions valid -without maMng computation unduly burdensome. 


ASSAY OF cmunE 


77 


rabbit for assay after a rest period of five days or moro without at least two such 
prelirainar}' curarizations. 

Number of Head-drop It\jedione per Day: Since the symptoms of curarization 
in rabbits disappear witliin about ten minutes, a study was made to determine 
whether each animal after two or three preliminary daily injections could receive 
more than one titration to head-drop in a single day witliout a significant decrease 
in the head-drop dose. Lacking a suitable method for estimation of curare blood 


TABLE 2 

Pelation of Firil, Second, and Third to tho Aterase* Daily Head-drop Dose 
(40 Rabbtla) 


■I 


ozTTATtoM now nnrr 

A •.«. 

1UT10 otmnoK 
so 8.E. (tKDUC or 
naxmcAKCsl 

f 

First 

Average 

0.853 ± 3.4070 

1 

0.U7 ± 0.030 

H 

<0.001 

Average 

0.899 d= 2.427 o 

0.101 db 0.022 

1 


<0.001 

Third 

Average 

0.072 ± 2.2S7o 

0.023 d= 0.022 

! 

1.3 

0.2 

1 


• Average based on fourtli to last daily dose inelusivo, 
••re8.E.-:^orf XIOO. 


TABLES 

Percentage of Original nead-drop Dose of Curare ** Eliminated*^ m One to Six lioure 


(Determined by a Second Titration to Head-drop) 


KTUin OrSABBtTS 

Rovu srrwtzsf 1 st axo Tiro 
TITtATtOW* 

StCONO ntAO-OtOF OOtt .. 

msT sxAivnor Don 

4 

1.0 

C3.6 

6 

2,0 

70.1 

10 

3.5 

87.0 

31 

4.6 

92.0 

8 

G.O 

100.0 


levels, the procedure consisted of following an initial titration to head-drop 
with a second titration at intervals of 1, 2, 3.6, 4.5 or 6 hours in tho respective 
groups of rabbits. It may be seen in table 3 tlxat significant reduction in tho second 
head-drop dose occurred oven at 4.6 hours following tho first dose. Thus it was 
considered inadvisable to use rabbits for head-drop evaluation of curare prepa- 
rations more than once daily. 

The i?a56t< Head-drop Aeeay Procedure 

Having demonstrated in the rabbit head-drop assay that (a) no advantage accrued from 
dosage based on body weight, (b) head-drop dosage became Buflicicntly constant after tho 
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second daily injection, and (o) injections should not be repeated in less than six houre-tlie 
following procedure was adopted. 

Animals Employed: Healthy rabbits which weigh from 2.0 to 3.5 kgm. and have received 
at least two head-drop doses within the previous seven days are used for the assay. The 
rabbits are fed an adequate diet of complete pellets*, and food and water are not withdrawn 
before the assay. The animals may be used daily but not more than one injection shonld 
be given each day. 

Preparation of SoliUions; The standard solution is prepared at exactly 2 units per co. The 
reference standard used throughout most of the investigations reported herein and until 
recently was a particular stable desiccated curare powder stored to prevent change in mois- 
ture content. A solution was prepared by (a) adding 2.0 mgm. of this powder per co. of water, 
(b) shaking the mixture for 30 minutes at room temperature and (c) removing the slight 
amount of insoluble matter by centrifugation. To 0.5 co. of tlus solution was arbitrarily 
assigned the potency of one unit. Isolation of crystalline d-tuboourarine chloride, first from 
“tube” curare by ffing (30) and later from Chondodendron tomeniosum by Wintersteiner 
and Butcher (31) has, however, made it possible to express one unit as equivalent in curare 
activity to 0.165 mpnd of a particular sample of reciystallized d-tuboourarine chloride 
pentahydrate (11.46 per cent moisture) accurately assayed against the oripnal reference 
standard. This standard is prepared for injection at a concentration of 0.310 mgm. per cc. 

The potency of the test solution to be injected should be adjusted to within ±10 per cent 
of that of the standard (2 units per cc.). If the potency of the test solution is unknown, the 
adjustment to approximately 2 unite per cc. may be based upon comparison in one to three 
rabbits of the head-drop volume of a trial dilution of the test sample with their previously 
determined head-drop volumes of a reference solution adjusted to 2.0 units per cc. 

The Head-drop Endpoint: The endpoint of the assay, head-drop, is the precise relaxation 
state when the animal’s head falls to the board and cannot be raised or turned in response 
to a light tap on the animal’s back. This stimulus is necessary in order to determine whether 
the true endpoint has been reached because the lowering of the head may be in part volun- 
tary, especially in animals used repeatedly. 

The Crossover Pattern: The assay is conducted by the crossover pattern in order to mini- 
mize the influence of possible day-to-day changes in the sensitivity of the group of animals. 


* Rockland Rabbit Ration or Purina Rabbit Chow Checkers. 

< For practical purposes the unit as here defined may be expressed to the second digit 
(i.e., 0.15 mgm.), as given in New and Nonofficial Remedies — 1948, page 221. However, we 
wish to report that we have found variations in the potency in units per mgm. of crystalline 
d-tuboourarine chloride as prepared by different manufacturers. Dr. Butcher of theBivision 
of Organic Chemistry, the Squibb Institute for Medical Research, found upon extensive 
purification of d-tuboourarine chloride, the details of which will be published elsewhere, 
that the impurities in the commercial preparations studied were of two types; (a) tertiary 
alkaloids which are inactive and (b) quaternary alkaloids which are much more active than 
d-tuboourarine. Whereas the two original materials used had 6.6 and 6.7 units per mgm. 
pentahydrate) activity, the purified products had potencies ranpng in single assays from 
about 5.8 to 6.2 units per mgm. (pentahydrate). Thus if the unit should be expressed in 
terms of the weight of pure alkaloid rather than in terms of the present satisfactory standard 
preparation, a change in the present weight equivalent for.the unit w’ould obviously be re- 
quired. This emphasizes the importance of the biological assay of commercially prepared 
d-tubocurarine chloride and the necessity of a reference standard of defaed unit activity. 
However, the standard need not be a compound of highest possible purity since the sipificant 
feature of biological control is the use of a reference material which provides biological 
activity of a definite type in a specified weight (the unit) of such standard. The unit defines 
neither the chemical purity of the reference material nor any particular degree of animal 
response. 
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The test eamplo h injected on the first day into at least eight rabblU and the reference 
standard into an ctjual number. On the following day the crossover ia completed, i.e., those 
rabbits which were injected ^nth tlio standard are given the test sample and vice versa. The 
rate of injection is 0.1 cc. every fifteen seconds regardless of body weight. Each 0.1 cc. 
quantity is injected as rapidly as possible by gravity from a 6.0 cc. microburctle through a 
small bore, thick-walled rubber tubing attached to a needle inserted into the car vein. The 
time between the injections is utilized to detcrmlno the dogreo of relaxation as curarization 
progresses. When the endpoint of Iho test is reached, the injected volume and the injection 
time are recorded. Occasion.ally an animal will need artificial respiration. A pressure-typo 
respirator with head m.a8k or a Drinker model for animals should bo employed, since manual 
compression of the chest wall will expel Httlo or no air from the lungs. tVest (32) pointed 
out in studies on curarine that this is duo to tho loss of tone of the curarlzcd respiratoty' 
muscles, a resultant decrease of “negativo” intrapleural pressure and thoracic volume, and 
possibly to gome active or passive bronchoconstriction. 

Calculation of Potencn: Tho ratio of tho volume of standard at 2 units per cc. to that of 
tho test sample nccessaiy to reach tho endpoint is calculated for each rabbit. Tho geometric 
mean of these ratios together with its standard error is then calculated; this moan multi- 
plied by the dilution of tho test solution and by 2 (potency of standard in units per cc.) 
equals the potency of the undiluted sample in units per cc. 

Accuracy of (he Assay: To evaluate tho accuracy of tho assay, the following study was 
carried out to determine tho cocflicient of variation of tho individual responses. The data 
from a group of 41 rabbits which had received a minimum of nine hcad-<!rop doses each 
(an average of 15.4) on different days were used. The first two doses were excluded from 
the calculations. The average coefficient of variation was ±11.4 per cent of the mean dose 
(i.e., 00 per cent of the effective doses may Ihj expected to fall rvithin a range of ±18.8 per 
cent of the mean). 

In a crossover assay tho accuracy of the ratio of the head-drop dose of standard to that 
of sample in tho same animal is more important to ascertain than is tho standard deviation 
of a single observation ns calculated above. In order to evaluate the error of such a ratio, 
data wore selected at random from the early and recent routine rabbit assaj-s of regular 
manufacturing lota of curare preparations. TTic old data comprise a scries of 320 injection 
pairs in 20 crossover assays ranging from 10 to 20 animals per assay, while the recent data 
represent 1700 injection pairs in 100 a«sa\*8 ranging from 8 to 23 animals per teat. The aver- 
age cocfilcicnls of variation for tho 20 old assays and the 100 moro recent ones were ±12.0 
and ±4.4 per cent, respectively. It is evident from these values that, as oxpcricnco with 
the method increased, less variation occurred, due in p.art to elimination of animals showing 
a high day-to-day variation in head-drop dosage and to a more critical adjustment (within 
±5.0 per cent) of the potency of the sample to that of the standard before tho assay was 
begun. 

Further evaluation of the accuracy of the assay may bo obtained by an examination of 
the data presented in table 4. These rcsulta were obtained in 23 separate crossover assays 
of a sample of cjyatalUno d-tubocurarinc chloride, all assays being carried out against the 
aamo reference material, i.e.,- a 2 unit per cc. extract of the standard curare powder. In 
these tests which were conducted over a period of more than a year and were interspersed 
with regular control testing, no extra prccautiona were taken and tho data are therefore 
representative of those obtained in tho routine assay procedure. 

The mean potency of this sample, calculotcd from the individual assay values weighted 
according to their respective standard errora, was 6.478 ± 0.0175 units per mgra. Tho data 
from theso 23 assays involving 433 injection paira has been subjected to analysis of variance 
to detect any significant “Between Assay Variance" (table 4). Examination of the Mean 
Square in the final column shows that the component of variance for “Between Assays” 
has no statistical significance even on this large number of animals, and to the extent it 
may exist, it is very small compared wdtb tho *'l\lthin Assay" Variance. 
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^ Discussion. The assay method for curare as described herein is designed to 
give maxmum accuracy under closely controlled conditions. Because of the 
variation in the amount of curare required for head-drop in different rabbits, the 
determination of potency by comparing the volume of sample -with that of 

TABLE 4 


Resulla of S3 Rabbit Bead-drop Crossover Assays of Crystalline d-Tubocurarine Chloride 

versus Standard Curare Powder 


no. or jNjEcnoN pairs 

POTENCY UNITS PE5 JfllXlCXAM 

&TANUA2D ££SOS AS PES CENT OP UEAN 

9 

6.343 

=k2,25 

16 

6.349 

±1.92 

28 

6.362 

±1.34 

17 

6.372 

±1.16 

18 

6.389 

±1.11 

24 

6.392 

=fcl*60 

23 

6.422 

±1.51 

15 i 

6.425 

±1.30 

22 

6.425 

±1.06 

19 

6.425 

±0.89 

16 

6.438 

±1.22 

23 

6.465 

' ±1.04 

26 

6.461 

±1.13 

16 

6.478 

±1.29 

18 

6.604 

±1.83 

17 

6.627 

±1.37 

16 

6.627 

±1.84 

22 

6.637 

±1.09 

30 

6.640 

±1.11 

24 

6.626 

±1.16 

16 

6.636 

±1.70 

10 

6.672 

±1.26 

20 

6.701 

±2.01 


Analysis of Variance 


SOUPCE OP VABXANCE 

OCG&EES OF 
mUDOM 

j 

5UU OP SQUAKE5 

UEAN SQUAXE OX 
VARIANCE 

VABIANCE SATIO P 

Between Assays 

22 

0.01855 

0.000843 

1.141* 

Within Assays 

410 

0.30319 

0.000739 

1.0 

Total 

432 

0.32174 

1 



*F = 1.57 at P = .05. 
F = 1.25 at P = .20. 


standard in the crossover pattern, using slow intravenous titration, gave greater 
accuracy and precision than could be obtained by any method utilizing a per 
kgm. dose in different groups of rabbits. Some of the bioassays performed on other 
drugs in these laboratories have been compared with the rabbit head-drop assay 
as to the number of individual injections necessary to achieve the same low stand- 
ard error which is obtained in this assay (±2.0 per cent of the mean of five 







ASSAY or conAnE 


81 


injection pairs'). Tlie results of these cntcuintions appear in table 5 and show that 
the curare assay requires about ten per cent ns ninny individual injections as the 
next most precise method. 

Up to the first of the year 1919 approximately 1100 samples of curare had 
been tested by this crossover as-saj’ method, involving a total of about 31,000 
single dailj’ injections into rabbits. A large number of these tests were conducted 
for the purpose of standardising curare preparations for clinical trial. Many of 
these preparations, ass-ayed and adjusted to 20 units per cc., were criticaliy 
evaluated in humans hy qualified clinical investigators and all were found to have 
uniform effectiveness when equal volumes were administered to the same patients. 
The reliability of the method is also shomi by the fact that in no case was there 
a demonstrable difference in the clinical potency of other similar curare prepa- 
rations BO assayed and subsequently used routinely on a unit basis in thousands 
of humans, totalling more than 3,000,000 injections. 

TABLE 6 


Comparison of the Precision of Various Other Dioassaps xcith the Rabbit Head-drop Method 


AStAY 

Rrntoft 

Kvunei 
or ASSAY! 
CAlCVOATtO 

TOT At 

xruBtt 
or IX- 
jtmoHS 
KABt 

mrxBr* or ih- 
jeenoxs ro» a 
tb 2 .o rti nxT 
ITANOAKO exxoi 
ornttMEAK 

Curare 

Rabbit Hcad<drop 

100 

3100 

10* 

DigiUtis 

Cat Fatal Bose 

20 

407 

100 

Posterior Pituitary 

Rooster Blood Pressure 

20 

310 

SCO 

Estrogcas 

Rat Vaginal Smear 

12 

12,000 

2303 

Insulin 

Mouse Convulsion 

10 

S7,C77 

73M 


* Five injection pnirs on A croMover test hnvo been considered equivnient to ten single 
injections. 


When applied to the evaluation of potency of new batches of crude curaro 
powder or syrup, the head-drop method as described becomes useful in indicating 
qualitative differences in action as reflected by unusual responses of the animals. 
For example, analysis of the data from 1271 head-drop injections in rabbits has 
shown a 2.9 per cent incidence of respiratory paralysis with regular manufacturing 
lots of semi-purified and purified curare preparations. Any sample from new 
raw materials giving a higher incidence of respiratory paralysis tlian this may 
be suspected of a qualitative deiiation from the norm. Similarly prolonged re- 
covery time, peculiar progression of signs of curarization, evidence of central 
excitement, collapse, or other untoward reactions scn'c as indications that a 
sample representing unsatisfactory material is being injected. 

The use of the rabbit head-drop assay as described for determination of 
potency is, however, limited to compounds having a fairly rapid onset of action 
and a duration of action not much shorter than that of d-tubocurarine chloride. 
Although certain alpha-substituted ethers of glycerol, which cause head-drop in 
animals by a central action, have onsets and durations of action comparable to 
those of peripherally acting d-tubocurarine chloride, it is felt that such com- 
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pounds having different sites and types of action cannot be compared quantita- 
tively to d-tubocurarine chloride. Even with curare allcaloids or derivatives 
having similar pharmacodynamic action, widely different ratios of activity may 
be obtained upon administration to different species. On a mgm. basis d-tubo- 
curarine dimethylether iodide was more than six times as effective as d-tubo- 
curarine chloride in rabbits, but less than three times as effective clinically. In 
spite of such variations in potency, standardization of a new voluntary muscle 
relaxant may be confined to one species, such as the rabbit, provided its relative 
activity is evaluated by comparison to a suitable reference material. 

With the advent of crystalline d-tubocurarine chloride, the unit has been 
expressed necessarily (see footnote 4) in terms of weight of a particular lot of this 
alkaloid, i.e., one unit = 0.155 mgm. of the pentahydrate form. Since its potency 
in humans has been adequately established, some clinicians have reported its 
dosage in mgm. of the alkaloid instead of units, but actually administered it in 
units. Unfortunately, this had led to confusion of the number of units of activity 
and the number of mgm. of this drug injected in at least two clinical reports 
(33, 34), and has occasioned inquiries as to the safety of the suggested high doses 
which resulted from the erroneous dosage statement. Needless to say, this serious 
error was immediately corrected in both instances (35, 36). 

StJlIMARY 

1. The head-drop assay in the rabbit has been employed for the biological de- 
termination of potency of curares having an onset and duration of action com- 
parable to that of d-tubocurarine chloride. Qualitatively similar crude or purified 
curare preparations standardized by this method show uniform activity in 
clinical use, although the relative activity of various curare compounds in the 
rabbit and man may be different. 

2. The endpoint of the test, head-drop, is relaxation of the neck muscles to such 
a degree that the animal’s head cannot be raised or turned in response to a physi- 
cal stimulus. 

3. In the assay the reference standard and test sample of curare are each in- 
jected intravenously into at least eight rabbits in a crossover pattern on two 
consecutive days at the rate of 0.1 cc. of a 2 unit per cc. solution eveiy fifteen 
seconds without regard to body weight. Each animal must have received within 
seven days prior to use in the test at least two such titrations to head-drop. For 
routine assays the solution of test sample to be injected should have a potency 
within =fcl0 per cent of the 2 units per cc. reference solution prepared from a 
standard sample of d-tubocurarine chloride pentahydrate of which 0.1o5 mgm. 
equals 1 unit of curare activity. 

4. The relative potency of the diluted sample is calculated as the geometric 
mean of the ratios of the volume of standard to that of sample necessary to pro- 
duce head-drop in each animal. The expected standard error of the geometric 
mean of the individual ratios, when sixteen rabbits are used in a crossover design, 
is 1.1 per cent. 
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5. Tlic effect of rate of injection on hcacl“<lrop dosage, recovery time and sharp- 
ness of the endpoint have been analyzed, and the limitations of (ho head-drop 
method and of other procedures studied have been discussed. 
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The isolation of trichloroacetic acid from urine of dogs that had inhaled tri- 
chloroethylene vapor was reported by Barrett and Johnston (1) in 1939, and 
studies of the excretion of this metabolic product were continued by Barrett, 
Cunningham, and Johnston (2). Powell (3) also was able to isolate trichloroacetic 
acid from urine of human patients anesthetized with trichloroethylene. Powell’s 
measurements of the concentration of trichloroacetic acid in plasma and urine 
indicated that the formation of the acid may continue for more than two days 
after a single period of anesthesia. The largest amount of trichloroacetic acid 
produced in any one of these patients appears to be somewhat more than 4 grams. 

The transformation of trichloroethylene to trichloroacetic acid involves oxida- 
tion, saturation of the carbon-carbon double bond, and migration of a chlorine 
atom from one carbon atom to the other. 

Cl Cl Cl 0 

\ / \ / 

0=0 > Cl— C— C— OH 

/ \ / 

Cl H Cl 

To trace the course of the processes that result in these changes is a problem, 
of some complexity. Consideration first of the oxidative aspect of the reaction 
suggests that in the course of the converaion of trichloroethylene to trichloro- 
acetic acid a structurally stable compound in an intermediate state of oxidation 
may be formed. Such a compound that might be presumed likely to occur as 
an intermediate is chloral hydrate, since chloral hydrate is known to be oxidized 
in part to trichloroacetic acid by the dog (4). However, cliloral hydrate is also 
reduced in vivo to trichloroethanol; and of a dose of chloral hydrate injected in 
a dog, much the greater quantity is converted to the alcohol (4). Consequentlj^ 
if chloral hydrate is assumed to be an intermediate product in the reaction, 
it must be expected that trichloroethanol will be produced as well as trichloro- 
acetic acid. 

Hitherto trichloroethanol had not been searched for as a metabolic product of 
trichloroethylene. The glucuronide, the principal form in which trichloroethanol 
is excreted, does not give the Fujiwara color reaction, nor is it extractable noth 
ether. Evidence of its presence accordingly would not have appeared in the 
experiments cited above. 

> Presented in part at the Thirty-ninth Annual Meeting of the American Society for 
Pharmacology and Experimental Therapeutics, April 22, 1949 (Fed. Proc., 8; 278, 1949). 
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In order to explain llic slow i)roduct!on of tricliloToacclic ncid, it would Imvo 
to bo assumed that the conversion of tricliloroetbylcnc to thlond hydnvlc is 
vcr>’ slow. Reactions that would occur subsequently {viz, oxidation of chloral 
hj'drato to trichloroacetic acid, reduction of cldoral hydrate to trichlorocthanol, 
conjugation of triclilorocthanol with glucuronic acid) being relatively rapid, 
neither chloral bydrato nor tricldorocthnnol could bo expected to accumulate 
in any high concentrations in tho body; but the urine would bo expected to 
contain conaidcrablo amounts of the glucuronidc of trichlorocthanol, *‘urochlo- 
ralic acid”. 

It was the hypothesis of chloral hixlrotc being a metabolic product of tricldo- 
roctliylenc Umt suggested tho experiments reported here. As vd\i be shown, the 
results have proved to be in general accord with tl^c predictions outlined above. 


Mateoials. Trichloroethylcno was purchased from Tho Matheson Co., Inc. Freedom 
from contamination with triclilorocthanol or chloral hydrnto in amounts sufTicicnt to bo 
of signiCcanco in this iavestigation was demonstrated in tho following manner. A solution 
of 1 gm. of trichloroethylcno In 100 co. of heptano was shaken with i its volumo of wator. 
Analysis of tho aqueous phase for trichlorootlmnol and chloral hydrato by methods described 
in an earlier paper (4) failed to reveal tho presence of either substance. By addition of 
known amounts it was shown thot aa littlo as 2 mgm. of trichlorocthanol or 0.2 mgm. of 
chloral hydrato per gm. of trichloroethylene would bo dotcctnblo by this procedure. 

AninNiSTiuTiON or TiuciiLonoETUTi.K.VE TO Dooa. A few minutes before tho period of 
inhalation, an intramuscular dose of 0.1 mgm. per kgm. of atropine sulfate was given to 
reduce salivary and mucous secretion. Air bubbled through trichloroethylcno was delivered 
through a loosely fitting mask. Tbo total period of inhalation was 1 hr. Anesthesia was in* 
duced rapidly and maintained at an Inconstant but rather deep level. Toward tho end of 
the period the depth of anesthesia was increased almost to tho point of respiratory arrest. 

Analttical Methods. Cotijugaled triekloroetkanol in urine. Urine was acidified to about 
pH 2 with sulfuric acid. An additional 0.5 co. of concentrated sulfuric acid was then added 
to each 10 cc. of urine. A 1 co. sample of tho acidified urine was sealed In a glass tube and 
healed in a bath of boiling water for 10 hr. Tho tube was then opened and tho contents 



86 


THOMAS C. BUTLER 


washed out with water. After appropriate dilution (usually 1:10), triohloroethanol was 
OGterininetl by the method previously described forpIasinE (4). 

Trichloroacetic acid and chloral hydrate in plasma. The methods of an earlier study (4) 
were used. 

TnchloroaceCtc acid in urine. The method was essentially the same as that used for plasma. 

Trichloroethanol in plasma. Modifications of the method used previously (4) were in- 
troduced to increase the sensitivity. The size of the plasma sample was increased. The 
heptane e.xtract was extracted with two portions of water, and the salted aqueous e.xtract 
was e.xtracted with three portions of pentane. These modifications made possible the de- 
termination of concentrations of trichloroethanol as low as 1 mgm. per 1. of plasma. 

Conjugates Trichloroethanol in Urine. Idenlification of trichloroethanol. 
When urine from dogs that have inhaled trichloroethylene is acidified and heated, 
a substance is formed that is determinable as trichloroethanol by the colorimetric 
method (4). The identification of this substance as trichloroethanol was estab- 
lished by the following experiments. Urine from a dog exposed to trichloroethyl- 
ene was acidified as described under “Methods” and heated on a steam bath 
under a reflux condenser for 10 hr. By the procedures described in an earlier 
paper (4), it was found that the colorimetrically determined “trichloroethanol” 
in this urine had a distribution coefficient between heptane and water of 0.43 
(for authentic trichloroethanol: 0.41) and that oxidation was necessary for 
the production of color in the Fujiwara reaction. A sample of 100 cc. of the 
aoidifled and heated urine, estimated colorimetrically to contain 197 mgm. of 
trichloroethanol, was neutralized with sodium hydroxide and subjected to steam 
distillation. The analytical method indicated that the first 50 cc. of distillate 
contained 166 mgm. of triohloroethanol (84 per cent of the total). This was 
saturated with sodium chloride and extracted with pentane in a manner calcu- 
lated to remove 98 per cent of the alcohol. The pentane was removed by the suc- 
cessive evaporation of 10 cc. portions added to 2 cc. of pyridine. To the pyridine 
residue were added 250 mgm. of p-nitrobenzoyl chloride. From the reaction 
mixture were isolated 230 mgm. of crystals melting at 68.0-68.2° C. Trichloro- 
ethyl-p-nitrobenzoate prepared from synthetic alcohol melted at 68.0-68.4° C.“ 
A mixture of approximately equal parts of the product from urine with the 
-synthetic melted at 68.0-68.4° C. The yield of p-nitrobenzoate corresponds to 
71 per cent of the trichloroethanol estimated to be in the pentane extract and 
58 per cent of the total trichloroethanol estimated to be in the original urine. 
It may be concluded that the material determined colorimetrically in urine as 
“trichloroethanol” actually consists practically in its entirety of trichloroethanol. 
Presumably it all arises from the hydrolysis of the glucuronide, a compound 
knoum to be present (v. i.). This is the only conjugated form of trichloroethanol 
that has been described, and from what is known of analogous compounds no 
other type of conjugation would be expected. 

» The melting point of this compound has previously been reported (5, 6) as 71° C. The 
ester studied here was prepared both in pyridine and by the Schotten-Baumann procedure, 
and the melting point reported above (corrected) was not changed by repeated crystalliza- 
tions from ethanol and from heptane. The compound contained 35.8 per cent chlorine (theo- 
retical for CsHiiO«N Clj:35.6 per cent). 
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/sofo^i'on 0 / iricMorocihytghcurojiide from urine. Urine from dogs that Imtl 
inhaled trichloroethylene was svibjoctctl to the j)roccdurc outlined by KQlz (7) 
(or the isolation of the sodium sidt of uroehloralic acid. In this way there was 
obtained a white crj'StalUnc stibslanco containing 30.3 per cent chlorine (theo- 
retical for CiTIioOiCliNa; 30.0 per cent). For an aqueous solution of 12 gm. 
perl., [a]o = —00®,* ^\^len 2.5 mgm. of this material was dissolved in 1 cc. 
of 2iY hydrochloric acid and the solution hcatc<l in a sealed tube at 100® C. for 
9 hr., the colorimetric proce<hirc showctl that 0.92 mgm. of trichlorocthanol 
had been produced (SO per cent of the theoretical). No conditions of hj-drolysia 
were found th.at rcsultc<l in a higher yield of alcohol. The distribution coefficient 
of the colorimctrically detcmiined ‘Hrichlorocthanol” between heptane and 
water was 0,35, and no color was produced witlioui oxidation. The solution that 
had been subjected to acid hydrolysis gave the naphtborcsorcinol test for glu- 
curonic ncifl. Tliis material isolaletl from urine can then be considered to consist, 

TABLE I 


Excrtlion of Irichlorotthanol and total production of trichloroaectie add foltoicing anesthesia 
ydth trichtoroethglene 


00 a 1 



ntcntotOACZTtc acid 
MOOCC tO** 


im. 

r«*»# 

frtns 

1 

M.O 

1.62 

0.70 

2 

8.2 

0.63 1 

O.IC 


• Nearly all conjugated. 

•• Estimated from pla.'jmn concentratioiui and urinarj- excretion. 


in vcr>' lar^c part at least, of the glucuronidc of trichlorocthanol, the same sub- 
stance found by civrlicr workers tm a metabolic product of chloral hydrate 
and of trichlorocthanol. 

QuantilaUvc studies of cjcrclion. Measurements have been made of the amount 
of trichlorocthanol liberated in urine by acid hydrolyai-s. Although the conditions 
of hydrolysis probably do not permit strictly’ quantitative recovery of trichloro- 
ethanol/ the analytical results arc obviously’ significant as minimal values and 
probably represent a high proportion of the conjugated alcohol present. If the 
values are considered to have only tliis significance, the conclusions reached 
in this paper arc satisfactorily supported. 

In table 1 arc shoNvn the total amounts of trichlorocthanol found in the urine 
of two dogs that had inhaled trichloroethylene vapor for 1 hr. Nearly all of this 
trichlorocthanol is conjugated. The amount of free tricldorocthanol found in the 

• Tlio rotations of eodium urocUoralato publisbcd by KOlz (7) were measured in white 
light with a eaccharimetcr with quartz-wedge compensator. If the rotatory dispersion is 
assumed to bo the same as that of sucrosodalo " — C5". This value is not strictly comparable 
with that reported above. 

* Presumably pure sodium urooliloralalo was added to a sample of normal urine in a con- 
centration of 2.6 gm. per 1. and the urine subjected to the procedure described 
under “Methods". The amount of trichlorocthanol found was 70 per cent of tho theoretical. 
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urine of Dog 1 was only 0.6 per cent of the total and in that of Dog 2 16 ner 
cent of the total. b , ■ y 

Before an estimate could be made of the amount of trichloroethanol actually 
produced in these dogs, it would be necessary to know the proportion of tri- 
chloroethanol excreted. At later times the excretion of trichloroethanol in the 
same animals was measured following injection of the alcohol itself. In an effort 
to simulate the conditions of slow, sustained production from trichloroethylene, 
trichloroethanol was injected intramuscularly in several small doses over a period 
of 24 hr. The results are sho^vn in table 2. Because quantitative recovery of 
trichloroethanol is probably not attained, the actual amounts excreted are 
likely to be somewhat higher than those found.® However, since the same tech- 
nique was used in both studies, the data of table 2 are comparable with those of 
table 1. It may be estimated then that the amounts of trichloroethanol actually 
produced from trichloroethylene are of the order of twice the amounts found 
in the urine as shown in table 1. 


TABLE 2 


Excretion of trichloroethanol (nearly all conjugated) foHovnng intramuscular injection 
of trichloroethanol in several doses over a period of Sj hr. 


2)00 

TOTAL DOSE Of T&tCHLO< 
SOETHAKOL 

TSICSLOKOETEAKOL EXCEETEO 

Amonat 

Per Cent 


grams 



1 

3.76 


42 

1 

2.0 


65 

2 

1.0 

i 0.66 

l ' 

66 


The rate at which trichloroethanol is produced from trichloroethylene is also 
of interest. For the same experiments of those of table 1, average rates of excre- 
tion of conjugated trichloroethanol during the periods of urine collection are 
shown in fig. 1. The long continuation of the excretion is notable. Whether this 
is attributable to slow production or to slow excretion caimot be judged without 
a knowledge of the rate at which small amounts of trichloroethanol leave the 
body as the conjugate. The following experiment served to supply this informa- 
tion. A dog was given an intravenous dose of 5 mgm. per kgm. of trichloroethanol, 
a dose designed to give a blood concentration in the same range as those found 
after inhalation of trichloroethylene. Within the first 7 hr. after the^ injection, 
65 per cent of the administered dose had appeared in the urine. Of this amount, 
88 per cent had been excreted in the first 3 hr. The maximum rate of excretion, 
23 mgm. per hr., was attained about 1 hr. after the injection. The processes of 
conjugation and excretion of trichloroethanol are thus shown to be relatively 


‘ Earlier estimates of the excretion of uroohloralio acid (7-10) have been bwed on measure- 
ment of optical rotation of urine or on measurement of glucuromo acid. The proportions 
of chloral hydrate or tricWoroethanol that have been reported to be excreted as uroohlorahc 
acid by dogs and rabbits are for the most part in the range of 40 to 60 per cent. 
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Flo. !• Concentration of trichloroacotio acid in plasma and rato of excretion of tricldoro' 
ethanol (nearly all conjugated) following a single exposure to trichloroethylene lasting 1 
hr. Trichloroacetic acid concentrations aro indicated by the circles. The average rale of 
excretion of trichlorocthanol during a period of urine collection is indicated by a horitontal 
line. 
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rapid. The long sustained excretion after administration of trichloroethylene 
can only result from a slow, continuous production of trichloroethanol 

Metabolic Pkoducts in Plasma. Chloral hydrate was not found in the 
plasma of the dogs that had inhaled trichloroethylene. The method used could 
have detected concentrations as low as 8 mgm. per 1. Tree trichloroethanol was 
found m the plasma, but in low concentrations. In both dogs the highest concen^ 
tration observed was 3 mgm. per 1. This was found at 24 hr. in Dog 1 and at 5 
hr. in Dog. 2. The low concentration of trichloroethanol in plasma is further 
evidence of the slowness of its production. 

As shown in fig. 1, the concentration of trichloroacetic acid in the plasma rises 
slowly to reach quite high values. The maximum concentration is reached only 
after more than two days in Dog 1 and after about one day in Dog 2. This 
pattern is similar to that found by Powell (3) in human subjects. Trichloroacetic 
acid being very slowly eliminated, the plasma concentration of itself furnishes 
a rather good indication of the rate of production. Since little if any trichloro- 
acetic acid is destroyed (11), an estimate of the total production may be made 
from the plasma concentration and the urinaiy excretion. The assumption was 
made that trichloroacetic acid is distributed m 20 per cent of the body weight. 
At some time after the plasma concentration had begun to decline, the total 
amount in the body was calculated in this way. This value was added to the 
amount excreted in the urine up to that time to give an estimate of the total 
amount of trichloroacetic acid produced. These estimates for the two dogs are 
included in table 1. 

Discussion. The experimental results seem consistent with the consequences 
of the hypothesis that trichloroethylene is initially converted to chloral hydrate. 
As predicted, trichloroethanol is produced, and indeed in larger amounts than 
trichloroacetic acid. If the amount of trichloroethanol actually produced is as- 
sumed to be about double the amount found in the urine, the ratio of alcohol 
production to acid production is still considerably lower than that found when 
a large dose of chloral hydrate is injected into a peripheral vein of a dog (4). 
This is not, however, necessarily indicative that both substances have not been 
derived entirely from chloral hych-ate. If chloral hydrate were formed only at 
a site, such as the liver, where it is capable of oxidation to trichloraocetic acid 
(12), the proportion converted to acid would be larger than if chloral hydrate 
were introduced into the general circulation. 

The rates at which trichloroethanol and trichloroacetic acid are formed may 
be considered as additional evidence of their origin. The simplest h^othesis 
that could explain the very slow formation of both the alcohol and the acid is that 
there is a single slow process yielding a substance that is their common precursor. 
Since the alcohol cannot be converted to the acid, nor the acid to the alcohol, 
the alternative hypothesis is that trichloroethylene undergoes two independent 
reactions or systems of reactions, both slow, leading to the fomation of tn- 
chloroethanol and trichloroacetic acid, respectively. K chloral hydrate is the 
precursor of either product, it must also be the precursor of at least a part of the 
other. The most plausible hypothesis would appear to be that chloral hydrate 
is the precursor of all of both products. 







Allhougb the exsct ne*a=i=: of thi: irsrrr, 

:!ucidatc(l, it seems pmbihie th.« tiw mitivJtjt pevrs - 
me or two electrons frem the -vr.ehirrtitthvVr.-* 
icficiency of electrons that ms5:KS iwisj-n'-t ii.e rri?ri-.t n •:* -i,. ^ ,. 

The fust Etractundly stable product i? prchcihlr trirr;’ iyTmc- ' £ 
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place through a non-oxidativc route. , . 
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a single exposure to trichloroethylene is r£m*.rhal'.e. ! 

amounts of trichloroethylene arc retained ta axne f»vr. fc che vi;,- „ 
any obvious pharmacological eilects of the drug hart ^ 

cal solution in fat may be sufficient to account for mc-r*. d 
chloroolh>dcne has been delected chemically by se-rere! w-r,-.-, 
after exposure. Powell (3) found dctectahle nmo’jntt in I' /d 
of human patients 24 hr. after ancstheda. n.-UTctt, Cuuidcalcir.. t-.f ; ' 

(2) detected the substance in fat, muscle, and heart of a d .g V.-V/-: . i/ 

exposure. Of these tissues, fat contained much tlie. highest r." 

(13) found traces in tissues of guinea pigs killed IS K-. .after erj/y^.,. ' ***' 
From analyses of tissues, Barrcll, Cunningham, and John*-'/.-. 
tliat a dog ancsthclired by an exposure to tricWorocthylme ^ 

28 min. 
tlio present i 
73 mgm. 

the trichloroetliylcne present in the body at the end of a pcrivl i.Vtsf.,-! , • 
tile proportion undergoing metabolic changes has not been dctcaniarf i 
must be rather largo. ' * '* ** 

The metabolism of trichloroethylene may tlicn l>c pictured as fo’fifyrf Tv 
initial reaction is oxidation accompanied by rearrangement, Icruiinr 
formation of chloral liydrntc. Tliis reaction proceeds at a very flow mig 
nearly independent of the concentration of trichloroethylene, until ihr' 
of the substance in the body h.avo been axliauslcd. Tlic chloral hydrate fo ' "^ 
duced is converted by relatively rapid reactions both to tricl>!o”rocth,s..o| 
to trichloroacetic acid. None of these products reach concentrations high can t 
to has'O any obvious pharmacological effects. “il ' 



After administration of trichloroethylene to dogs, triehloroethanol has b 
found in small amounts in the plasma and conjugated triehloroethanol hies b * 
found in largo amounts in tiic urine. The glucuronide of triehloroethanol hw 
been isolated from the urine. Triehloroethanol is produced in larger amount 
from trichloroetliylcne by tlie dog than is trichloroacetic acid, a metaholi* 
product previously identified. 

Tho course of the metabolic transformations of trichloroetliylcne is discussed 
It is suggested that trichloroethylene is initially converted to cldoral hydrate 
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which is the immediate precursor both of trichloroethanol and of trichloroacetic 
acid. 
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Tile reUitionship of the dose of slrcptomycm per kilogriiin of body weight 
and the rate of decrease of tlie concentration of the drug in the blood in man 
and dog has been reported in a previous paper (1). A simple logarithmie equation 
was found to describe the obscired time-concentration relationship and the 
numerical values of the constants were calculaterl from the experimental data. 
Jfo uiinar 3 - excretion data were obtained in these c.xpcriments. It was realized, 
however, that the slope of the straight lines and the “apparent" volume of 
distribution were related in a simple fashion to the renal cle.aranco under certain 
well defined conditions. Such a quantitative relation between the renal clearance 
of a substance and the e.xi)oncntial dccrea.so of its concentration in the blood has 
been clearly discussed bj- Nemnan, Bordlej' and Winternitz (2). If the equation 

(l)InP = k-t + lnPo 

describes the course of the drug concentration in the blood, then, if certain 
basic assumptions are made, 



where C is the value for the urinarj- clearance in cc. per minute, k the c.xperi- 
mcntally determined slope, and V„ the volume of distribution expressed in cc.' 
The basic assumptions underlj-ing equations (1) and (2) arc: a) That the fluid 
compartment throughout which a given quantit}', JI, of the substance is distri- 
buted, is constant; b) That the substance is not dcstroj'cd in the bodj’, but is 
excreted unaltered; and c) That the amount of JI withdrawn from the fluid 
compartment, Vo, per unit time is sold}' excreted bj- the kidnej'. Then 

(3) - = U-V = C P 

Avhere U and Y have the usual meaning and dimensions employed in urinary 
clearance studies. 

* Some of the symbols used in the previous paper (1) were changed in order to conform 
with the notation commonly used in the prcscutation of clearance data. The concentra- 
tion of the drug in the plasma denoted os C in the previous paper is termed P in this 
discussion. Furthermore, the numerical value for the slope k as derived from equation 
(1), is expressed as a fraction per minute with logarithms to the base c; while in the pre- 
vious paper K was expressed as a fraction per hour with logarithms to the base 10. 

03 
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Equation (2) relates the slope, k, to the urinary clearance, C, and a value for 
C can be obtained from plasma data alone, if the volume of distribution, Y, 
is Icnown. Newman, Bordley and Winternitz (2) in their study on the urinary 
clearance of mannitol have shmvn, assuming a value for Vc of 20 per cent of 
body weight, that there is excellent agreement between the values for the 
clearance obtained from measurements of the urinary excretion and those from 
plasma data alone. In cases in w'hich it is Icnown that an injected substance is 
not destroyed in the body and is excreted solely by the kidney, it is unnecessary 
to make an assumption as to the value of the volume of distribution. According 
to equation (1), extrapolation to zero time of the straight line obtained by plotting 
the logarithm of the observed concentrations, P, against time, leads to a value 
for Po; the “apparent” volume of distribution, Y^, can then be obtained by 
dividing the total amount of the substance injected by Po. The value for the 
clearance, C, can thus be calculated from plasma A’^alues alone according to 
equation (2). Conversely, the absence of appreciable destruction of a substance 
in the body and its excretion solely by the kidney is indicated, if the values 
for the volume of distribution, ¥«, and the renal clearance, C, calculated from 
the measurement of the urinaiy excretion, agree with the I'ahies calculated from 
the plasma data. 

The urinary clearance of streptomycin has been determined by Adcock and 
Hettig (3) in man and dog using a microbiological assay procedure, and with 
more analytical accuracy by Marshall (4) using a chemical determination. The 
reported results indicate that the renal clearance of streptomycin is lower than 
the values assumed for the glomerular filtration rate. The ivork of H. Smith 
(5) emphasizes, however, the necessity of establishing the glomerular filtration 
rate simultaneously and independently in each animal used for clearance studies 
in order to reach significant conclusions concerning the renal excretion mecha- 
nism of a substance. 

Considerable analytical difficulties are encountered if the normal glomemlar 
filtration is to be measured by the usual test substances in the presence of 
streptomycin. Streptomycin interferes rvith the analytical methods for inulin, 
mannitol, and creatinine although these substances do not influence the fiuoro- 
metric determination of streptomycin. The methods for the determination of 
inulin and mannitol are more or less unspecific carbohydrate reactions given 
to some extent by streptomycin, wdiile the determinations of ci’eatinine are 
based on the reaction of the guanido group which is also present in streptomycin. 
Newman, Gilman and Philips (6) introduced the use of thiosulfate ion for the 
measurement of the glomerular filtration rate in man and dog by demonstrating 
that the values obtained ivere identical with those for the inulin clearance. Since 
the presence of streptomycin and thiosulfate in blood or urine does not interfere 
wdth the assay procedure for either substance, the thiosulfate clearance was 
chosen as the measure of the glomerular filtration rate in our experiments. 

Experimental. Female dogs, unanesthetized, trained to the procedure, and varying in 
weight from 13.5 to 15.0 kgm. were used in the experiments. Their surface area was calcu- 
lated from the formula A = X 11.2 (7). All animals received 20 cc./kgm. of water on 
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tho cvcninR j)recciling tlio experiment and the Baino amount just prior to the test. In order 
to obtain wide variations in the rate of urine flow, a third dose of water was given 2.5 hours 
after tho start of tho experiment in throe eases. Ulood and urine samples were taken for 
blank determinations j'ust prior to the injection of the drugs. 

The urine was obtained by mcan.s of an indwelling catheter and the bladder was rinsed 
with 5 cc. of water at tho end of each in(cr\*a1. The urine volumes and flow rates were cor* 
rcctcd for tho volume of water used in rinsing the bladder. 

A rccrystallircd eamplo of streptomycin trihydroehloridc calcium chloride double salt 
with a potency of 730 microgm./mgm. was used and tho calculated quantity of tho drug 
dissolved in 2 cc. of water was injected intramuscularly. Alicpiots of the injection solutions 
were assayed by two chemical mclho<!s, (he mnltol (S) and the hydrazine methods (9), 
Thiosulfate wius injected intravenously at tho same lime as tho streptomycin in a dose of 
200 mgm. N’n:S:0j'51I}0 per kgm. of !>ody weight. A freshly prepared 10 per cent solution 
n'as used and the llnosulfntc content was checked liy titration. 

Illood and urine Rnmples were olitnincd at approximately half-hour inlcrv.als, the exact 
time being noted in each case and used for the calculations. Streptomycin in the blood end 
urine was delrrmined by the fluorometric mctlmd previously described (0). Thiosulfate in 
blood and urine uas determined according to Newman, Gilman and I’hilip.s (0). 

Rj-subTS. Tlie of a typical c.\|)criinent oI>taine(l with a dose of 5,000 

niicrognt. of streptomycin per kgni. is rcprc^ctited graphically in fig. 1, 

Tho slopc.s of the licmilogarithmic plot of the P and U-V values for streptomy- 
cin and thiosulfate respectively arc e^Jj'CntiaUy ctpial, indicating tliat in tho 
range of the experiment tho clearance of each of the puh^tanccs was independent 
of its plasma eoiiccntration. The ratio of tho sloi)cs of tho lines for the strepto- 
mycin and thiosulfate plasma values does not indicate the ratio of tho filtration 
rates of tljc two ^«uh^tances, since according to ctpiation (2) tho filtration rate 
also depends on the respective volume of distribution. 

To express the grapliical presentation of figure 1 numerically for comparison 
witli four similar experiments performed with different do^es of streptomycin, 
the fllojie k, and the intercept P®, of the straight lines of tlic plasma values 
c-xtnipolated to zero time, \> ere determined by thomclhotl of least squares. From 
the values for Po the “apparent” volumo.s of distribution were calculated for 
hotli .streptomycin and thiosidfate, and were expressed in table I as per cent of 
body weight. From this volume of distribution and the corresponding k value 
the renal clearance was then calculateil according to equation (2). All these 
figures are reported in table 1 under “Data obtained from plasma values”. 

The iirinarx* clearances were al.so calculated in llic customary manner from tho 
TJ-V values and tlie corre.«!ponding P vtthic.s according to equation (3) and tho 
volume of distribution then derived by substituting thi.s value in equation (2). 
Thc.se figures arc reported in table 1 under “Data obtained from urinarj' values”. 

All clcanmecs arc recalculated to 1,73 m* surface urea of the animal. Each 
value under streptomycin is the average of the measurement of six periods 
of about oiic-lmlf hour, and each value for thiosulfate is the average of four 
corresponding one-half hour periods. Standard deviations have been recorded 
whenever the figures represent averages or were obtained by fitting the data 
to a straight line by the method of least squares. 

Equation (2) describes the plasma clearance of a substance irrespective - of 
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Its mode of disappearance, .vhile equation (3) measures only the clearance 
due to excretion into the urine. Therefore, if the values calculated from plasma 
data alone and from the conventional clearance foimula are identical, it indicates 
that the substance disappears from the plasma only by urinaiy excretion, 
btreptomycm is an example of such a case since the imlues for the clearance and 
volume of distribution from both plasma and urinary data are essentially in 



MINUTES 

Fig. 1. Concentrations in plasma and rate of excretion in the urine of simultaneously 
administered streptomycin and thiosulfate ion. 

ap-eement. Thiosulfate, on the other hand, is loioirn to be partially destroyed 
in the body (6), and is a case in which the clearance values obtained from plasma 
data are higher than those obtained by the conventional urinary clearance 
formula. 

The fact that essentially all of the injected streptomycin was axcretecl un- 
changed in these experiments on dogs was further corroborated by determimng 
the total streptomycin excreted over the 24 hour period following the injection. 
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The recovery of streptomycin in three experiments was 99, 97 and 92 per cent 
respectively. 

The volume of distribution of streptoms'cin is distinctly larger than the true 
value for thiosulfate and in accordance rvith the data previously reported (1) 
is somewhat higher than the assum.ed volume of total extracellular fluid of about 
20 per cent. 

Comparison of the clearance values for streptomycin and thiosulfate obtained 
from urinary data leads to the conclusion that the urinary clearance of strepto- 
mj’-cin is in all cases below the simultaneously measured glomerular filtration 

TABLE 2 


Clearance of Streptomycin from Plasma of Dogs Calculated from Plasma Data 


STREPTOiryciN 

INJECTED 

SUSTACE AREA 

K'lO* 

VOLtnTE or DIS- 
XRtBOnON 

clearance 

CLEARANCE PER 
:.73 m* 

inicrogm^/kgm* 



cc. 

cc./mi'n. 

ccjmhi. 

2,600 

.582 

1.07 

2150 

22.9 

67.9 

2,500 

.582 

1.19 

1870 

22.2 

66. 0 

5,000 

.577 

1.20 

1890 

23.8 

71.3 

5,000 

.633 

1.09 

3100 

33.8 

92.5 

6,000 

.435 

1.14 

1430 

16.3 

64.8 

10,000 

.584 

1.00 

2350 

23.5 

60.4 

10,000 

.043 

0.83 

3500 

29.2 

78.5 

10,700 

.635 

0.86 

2770 

23.8 

64.8 

20,000 

.580 

0.84 

3050 

25.5 

76.0 

20,000 

.502 

0.71 

2750 

19.7 

60.5 

20,000 

.681 

0.95 

3030 

28.6 

72.7 

20,000 

.041 

0.68 

3200 

21.6 

58.4 

20,500 

.013 

0.69 

3010 

21.5 

60.6 

20,500 

.624 

0.69 

3240 

22.4 

61.9 

40,000 

.598 

0.83 

3230 

26.7 

77.3 

40,000 

.603 

0.72 

3250 

23.5 

67.4 

40,000 

.641 

0.69 

3810 

26.4 

71.1 





Average 69.5 





Std. Dev. ±8.4 


rate. The data in table 1 indicate that the filtration rate is not influenced by the 
per kgm. dose injected within the limits tested. The urinary clearance of strepto- 
mycin is on the average 70 per cent of the corresponding glomerular filtration 
rate. 

Since the preceding data and discussion indicate that valid figures for the 
clearance of streptomycin can be obtained from plasma values alone, it as of 
interest to calculate for comparison the plasma clearance for man and dog from 
data reported in the previous paper of this series (1). The values for k and the 
“apparent” volume of distribution were substituted in equation (2). The data 
for the dog are reported in table 2 and include the five experiments recorded m 
table 1 of this paper and the twelve experiments in table 1 of the previous paper 
(1). The data in table 3 were all calculated from the experiments on man reported 
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in table 2 of the previous paper. It is apparent that the clearances per 1.73 m* 
body surface arc essentially tlie same in man and dog. It was previously pointed 
out that the values for the volume of distribution and K were quite constant 
within the dosage range from -bOQO to 20,000 microgm./kgm. in man and 10,000 
to ‘10, (KX) microgm./kgm. in dog.s. At lower levels, however, the results were 
irregular and in general n small volume of distribution coincided with a high 
value for K. Such a behavior would be expected, if the clearance is essentially 
constant and equation (2) applies. In tables 2 and 3 all the results including the 
very low do.«cs wore .summarized. This is justified, since individual figures 

TABLE 3 


C'lforance of Streptomycin from Plasma of Man Calculated from Plasma Data 


mcnoatas i 
INJCCTCO 1 

«c*rvcc Air.\ 1 

flO» 1 

I vottrve or ots- 

1 TiiBtmos 

cit*»AKtr j 

CttAtANCr TEt 
1.73 m* 

rtlcretn Iktrt. 

i w* ' 


1 n* ; 

ce./mln, ' 

ce./mtn. 

l.COO 

1.S4 1 

1.39 

! 7,100 1 

OS. 6 

02.0 

1,700 

I.GS ’ 

0.2G 

' 17,000 

47.0 

40.3 

2,100 

! l.GI 

0.05 , 

S,050 

i 70,5 

81. G 

2,500 

! 2.04 

0.27 j 

20,000 j 

55.0 

40.6 

2,000 

I i 

0.4S ! 

17,700 i 

8. >.5 

1 75.0 

2,000 

l.GO 1 

0.57 ' 

' 11,400 j 

C5.0 

CS.4 

3,800 

l.oO 

0.44 ■ 

15,350 i 

cr.o 

72.0 

■1,000 

! 2.02 i 

0.45 j 

22,400 i 

1 100.0 

85.7 

■1,200 , 

i 1.75 ! 

0.30 1 

18,100 1 

70,3 

GO. 5 

0,000 1 

' 1,00 

0.52 

24,500 1 

75.0 

78.0 

8,200 

, 1.S5 1 

1 0.4S ' 

’ 17,400 

1 83.0 

78.3 

11,000 

1 1-2S 1 

0.30 j 

i 10,200 i 

I 39.0 

54.0 

13,000 


0.4S j 

1 13,850 1 

CC.O 

Ci.4 

14,200 

1 .72 . 

: 0,4S j 

1 1G,G00 

: 7S.7 

70.2 

14,200 

l.GO 1 

1 0.4S 1 

, 15,100 

1 73.0 

78. S 

20,100 

1.77 1 

0.37 1 

10,100 

59.5 

5S.3 

20,200 

1 1.87 j 

0.25 j 

I 22.300 

1 

! 54.8 

! 50.7 


1 

i 


! i 

.^verngo GO. 5 
Std.Dev. ±13.7 


indicate that the clearances were essentially constant and equation (2) applicable, 
irrespective of the "regular” or "irrcgidar” values for K and the volume of dis- 
tribution. 

In interpreting the experimental icsult that the clearance of streptomycin 
was &ignific.anth' lower than the simultaneously obscn'cd filtration rate, the 
possibility of tubular rcabsorption must be considered. If tubular rcabsorption 
occurs, the fdtration rate should be dependent on variations either in the plasma 
concentration of the drug or in the rate of urine flow(5). In figures 2 and 3 the 
essential independence of the clearance of sticptomycin from either plasma 
concentration or urine flow is clearly demonstrated. Since single injections 
of the dnig were used, the plasma concentrations in cvciy case varied over a 
considerable range. In each experiment, furthermore, the urine flow varied at 
least four fold, and in three experiments nearly tenfold. 
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Binding 0/ Streptomycin to Plasma Proteins. Since tubular reabsorption of 
streptomycin has been virtually excluded, the low filtration rate must be due 
to a mechanism winch makes a part of the streptomycin unavailable for diffusion 
through the glomerular membrane. Protein binding is a plausible mechanism and 


no 



RATE OF URINE FLOW 

Fig. 2. Relationship of urinary clearance of streptomycin to the rate of urine flow 


consequently the binding of streptomycin to plasma proteins was studied by 
dialysis and ultrafiltration e.xperiments. 

Experimental. We are indebted for the techniques of both the diffusion and ultrafiltra- 
tion experiments to C. S. Smith (10). In the dialysis ex-periments 3 cc. of plasma contained 
in a celloph.ane bag ()?133 of the Viscose Corporation) tightly closed with surgical thread 
was immersed in 15 cc. of Ringer solution containing varying amounts of streptomycin. 
The Ringer solution and the immersed bag were shaken for various lengths of time in a 
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cla«tc<l vessel on a mechanical shaker nt room temperature. Streptomycin was determined 
in the Ruids inside and outside of the bag at the times indic.atcd in table 4 . 

Tor the ultrafiltrntinn experimonta loops of cellophane tubing filled with 5 cc. of pinsnm 
containing Rlrcptomycin were Ruspcndcil by means of a rubber stopper in 15 cc. centrifuge 
tubes. Centrifugation for ten minutes at about 1500 r.p.m. yielded approximatclj* 0.2 cc. 



mcQin / ml 

STREPTOMYCIN IN PLASMA 

Fio. .3. Ilolationship of urinary clearance of etreptomycin to the concentration in the 
plasma. 

ultrafillrate. The first filtrate nas discarded, Bince it was diluted with water contained in 
the membrane. Tlic gubsequent filtrates were found to be at equilibrium and 0.2 cc. was 
used for each fluorometric analysis. Xot moro than three cuts or n total of O.C cc. of ultra- 
filtrate were removed in order to avoid appreciable ch.mges in the protein concentration 
inside the membrane. 

IIkstjlts. Tables -I and 5 clearly demonstrate that protein binding of strepto- 
mycin does occur. In the dialysis experiment equilibrium was reached between 
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Oxyacanthine' was isolated in pure form from Berheris vulgaris by Hesse 
(1) and its structure elucidated by von Bruchhausen and Schultze (2). Exami- 
nation of its formula reveals that this tertiaiy alkaloid has many structural 
components found in d-tubocurarine. We have converted oxyacanthine into its 
quaternary derivative, N-methyloxyacanthine iodide and have compared its 
pharmacological activity with that of d-tubocurarine chloride.- 



C1(CH3)2? 




I 


OCH, 



I. d-Tuboourarine (3) : Molecular weight 624.7. Used as the dichloride. Pentahydrate, 
molecular weight 785.7; m p. 268-269°C. 

II. N-Methyl oxyacanthine; Molecular weight 638.7. Used as the diiodide, molecular 
weight 892.6; m.p. 25S-261°C. 


Experimental Procedure. Rabbits. Solutions containing 0.25 mgm. of curariform 
ion per cc. were injected in 15 seconds into a marginal ear vein of each of 24 rabbits (1 .8-2,4 
kgm.) ; these were restrained individually in an enclosed box. The doses producing hoad- 


' Also called hydroxyacanthine. 

- This research was supported in part by a grant from S. B, Penick & Co., New York. Wo 
arc grateful to Dr. W. G. Bywater, S. B. Penick & Co., New York, for generousb' supplying 
“western barberrj’” root from which the oxyacanthine was isolated by the method of Spilth 
(Ber. 58 : 2280, 1925). We are grateful to Dr. D. L. Tabern, Abbott Laboratories, North 
Chicago, for generously supplying the d-tubocurarine chloride, and to Dr. E. B. Tucker 
for technical assistance. After this research was completed, the preparation of N-methyl- 
oxyacanthine bromide was accomplished. With due allowance for the difference in molecu- 
lar weight of the halide salts, this compound was identical in activity with the iodide. 
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drop lasting a minimum of 3 minutes in half a group of 8 animals were determined (see 
table 1). The experiments were repeated on the same animals after a one-week interval. 
After an additional 4-day rest period, the 2-day head drop cross-over assay of Holaday (4) 
was performed. In this procedure, the rabbits arc tied belly down and 0.1 cc. of solution 
administered intravenously everj* 15 seconds until the head will not rise when the shaven 
back is electrically stimulated. Since this is an assay requiring a positive response in all 
animals, the individual variation introduced is fairly wide; consequently, 0.15 mgm of d- 
tubocurarinc chloride pentahydrate per kgm. was considered one unit, and the data for the 
N’-methyloxyacanthinc was adjusted to this point, depending on the response of the in- 
dividual rabbit on successive daj*s. The results of the 24 pairs of data are given in table 1. 
Doses 50 and 100 per cent larger were given to each of 2 groups of 10 rabbits, and the LDso 
was calculated by the method of Miller and Tainter (5). 


TABLE 1 



D>TtrBDCtrKAUKS 

N-UTTHYLOXTACAKTHINZ 

Albino rats 

0.22 (0.27)* 

0.43 (0.60) 


Rabbits 


0.13 (O.IS) 

0.15 (0.21) 

0.24 (0.33) 




Dog 

Gastrocnemius muscle equivalent paralysis 

O.OG (0.075) 
0.13 (0.16) 

0.11 (0.16) 

0.20 (0.28) 


Man 

0.12 (0.15) i 

0.23 (0.32) 

0.27 (0.376) 



0.16 (0.20) j 




• All doses given in mgm. of curariform ion per kgm. body weight. Dose of equivalent 
amount of salt used given in parenthesis. 

The animal data were treated by the method of Miller and Tainter (5). The standard 
errors of all the rat data lie within 0 per cent of the figures given; within 5 per cent for the 
rabbit data, and within approximately 9 per cent for the dog data. In spite of the narrow 
limits of the calculated standard errors, there is a variation in these data for d-tubocurarine 
chloride and that of a previous publication (6). 

Isolated sections of jejunum from 2 rabbits were prepared for recording by the usual 
Magnus technic in TjTode solution and the responses to acetylcholine chloride and to hista- 
mine phosphate were tested before and after addition of the curariform agents. 

Rats. The relative toxicity was determined in CO albino male rats (170-250 grams). 
Solutions containing 0.10 mgm. of curariform ion per cc. were injected intraperitoneally 
and the lethal doses were determined (see table 1). Four to 10 minutes after receiving a 
lethal dose, the animals became limp and unable to walk, respiration stopped in an addi- 
tional 3 to 6 minutes, and finally cardiac activity ceased. The rats did not show any gross 
signs that these agents had cholinergic activity. They did not sneeze or salivate or evi- 
dence chromodachyria or flush as they do with some samples of crude curare. 

Dogs. Since cats were unavailable, the gastrocnemius muscle preparation was performed 
on dogs. Three hundred mgm. of sodium barbital per kgm. were administered intraperi- 
toneally 90 minutes prior to operation in 6 dogs (5.7-8.4 kgm.). The femoral and sciatic 
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nerves to one leg w-fere out. The peripheral end ol the cut sciatic nerve vras stimulated for 
one-tenth second with 6 volts 60 cycles half wave every ten seconds by a motor driven in- 
terrupter. The contractions of the gastrocnemius muscle were recorded on a soot kymo- 
graph with a weighted lever. Carotid blood pressure was recorded with the usual mercury 
manometer. The dogs were mechanically ox 3 ’genated. 

Fifty and 75 micrograms of d-tubocurarine chloride pentahydrate per kgm. were given 
intravenously as reference paralyzing doses. The dogs were apparently slightly less sensi- 
tive to d-tubocurarine than the cats used in a previous problem (6) since the larger dose was 



m 

loo 


60 

DT DT M M 

50 75 150 200 

t 1 I — I » — I • — 1 J 

FiG.l. 6.3 Kgm, Male Dog. Gastrocnemius Contractions, Above, and Blood Pres- 
sure, IN Mm. Hg, Below 

Time marks at 5-minute intervals. Fifty micrograms d-tubocurarine chloride penta- 
hydrate per kgm. given at DT/50; 75 micrograms at DT/75. One hundred fifty micrograms 
N-methyloxyacanthine iodide per kgm. given at M/150; 200 micrograms at M/200. 

required to produce the e-xpected amount of paralj'sis. After the muscle returned to nor- 
mal, various doses of the other agents were given until equivalent paralysis was produced 
(see figure 1). The muscle could be partially paralyzed by this procedure for 4 to 8 times 
before contractility no longer returned to normal. Recent e.xperiments indicate that the 
effects produced in a given animal by 65, 75, and 85 micrograms of d-tubocurarine chloride 
per kgm. differ by at least 5 per cent. 

Four additional dogs were anesthetized with sodium baribital and were prepared for 
blood pressure recording. These animals received small doses of acetylcholine chloride 
and epinephrine hydrochloride before and after partially paralyzing doses of the curari- 
form agents (see figure 2). 
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Modified head drop cross-over assaj’s were per/ormed in 3 trained, female litter-mate, 
pedigreed dogs (Boxers: 17-18 kgm., 10 months old). The agents (0.25 mgra of curariform 
ion per cc.) were administered intravenously in 30 seconds or less into the minor saphenous 
vein while the dog reclined on one side. The animal was allowed to rise, and the time of 
onset of paralysis (inability to stand) and Its duration were recorded with any other objec- 
tive findings. Doses of agents producing paralysis lasting 3-10 minutes could be read- 
ministered on the following day and the same duration of action, within ± 45 seconds, could 
be obtained. These assays with unanesthetized dogs were introduced as a preliminary to 
the investigations in man. 

Man. In order to have information concerning possible clinical findings with N-mcthyl- 
oxyacanthine iodide, two experiments were carried out on one of us (D. F. M.) who had been 
previously standardized to d-tubocurarine chloride (0). The 80 kgm. 29-year old white 
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Fio. 2. 7.0 Kgm, Male Dog. 330 Mgm. Na Barbital per Kom. 

micrograms) 
. AC; and 150 

' »ve M. Rec- 


male was placed in a modified Fowler’s position on a treatment table (back elevated about 
40® from the horizontal, legs about 120* to trunk). A strap was placed around the lower 
thighs to prevent the subject from slipping off the table. The N-methyloxyacanthine 
iodide was given intravenously over a two minute period as a 0.6 per cent solution. The 
outstanding features of the effects from one experiment are given in figure 3. Other than 
the occurrence of dryness of the mouth and nose, effects were similar to those noted with 
d-tubocurarine chloride (6). 

Results. Depending on the test procedure adopted, the N-methyloxy’ 
acanthine is one-half to three-fourths as active a paralyzing agent as d-tubo“ 
curarine chloride (based on molecular equivalence; slightly smaller ratios are 
obtained if the particular salts actually used are considered). 

Although these two agents are primarily curariform in action, they differ 
slightly in side-effects. In our experiments with isolated rabbit jejunum, tve 
found that as much as 800 mgm. of d-tubocurarine chloride per liter had no 
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apparent effect on the response of the gut to acetylcholine (1:30 million) or 
histamine, although 40 mgm. of N-methyloxyacanthine per liter blocked from 50 
to /5 per cent of the effect of acetylcholine, but had little or no effect against 
the histamine. Similar effects were produced by 2 to 4 micrograms of atropine 
sulfate per liter. Similar lack of activity was found for d-tubocurarine chloride 
by McIntyre (7) although Gross and Cullen (8) found ‘Intocostrin’ to have 
atropine-like effects on human intestine. 

Neither of these two agents has any obvious cholinergic or histaminic effects 
in intact rabbits or rats. In trained dogs, paralyzing doses of d-tubocurarine 
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Fig. 3. Human Male (80 Kgm.). Thirty Mgm. or N-Methyloxtacanthine Iodide 
(0.5 PER CENT Solution) Were Given Intravenously at Time Indicated 
Pulse rate, beats per minute, above; systolic and diastolic blood pressure, in mm. Hg, 
between; and presence of miscellaneous effects indicated by solid lines below. 

chloride produce copious salivation; paralyzing doses of N-methyloxyacanthine 
iodide produce no salivation. A somewhat similar situation exists in man: 
the subject complained of the inability to swallow what he felt was the accumula- 
tion from normal salivation and the material had to be swabbed out by one of 
the operators periodically during the d-tubocurarine head-drop experiments; 
during the experiments -with N-methyloxyacanthine the subject experienced a 
dryness of the mouth which persisted for several hours after the experiment 
had terminated and no swabbing was necessary. . 

In the anesthetized dog, d-tubocurarine chloride had no particular effects on 
the response to acetylcholine and epinephrine, although N-methyloxyacanthine 
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partially antagonized acetylcholine and slightly potentiated epinephrine 
(figure 2). 

Discussion. Brown and Fraser (9) discovered that almost any compound 
possessing a quinquevalent nitrogen atom within its molecule possessed some 
curariform actirdty. However, for a compound to be clinically useful as a 
curariform agent, either it must bo specific enough that it does not produce any 
undesired sidoHiffects or else it must combine two desired effects. Of the many 
quaternary ammonium compounds with curariform activity, only those with the 
d-tubocurarine typo of molecule (I) have been sufficiently free of side-effects to 
be accepted clinically. Although d-tubocurarine is extensively used in co- 
anesthetic medication for relaxation of the abdominal musculature, it has not 
gained universal acceptance for use in convulsive and spastic states, whether 
these be the result of therapy (metrazol, electroshock) or disease and accidents. 
The introduction of an agent, such ns N-mcthyloxyacanthine, which produces 
the desired skeletal muscle relaxant effect and yet does not produce the danger 
of larjmgospasm from aspirated saliva, might lead to greater adoption of this 
type of therapeutic agent. 

In an earlier paper (6), it was demonstrated that quaternary ammonium 
compounds which possessed the typical bis-l-(p-oxybenzyl)-6,7-dialkoxytetra- 
hydroisoquinoline molecule had curariform activity without appreciable side 
activity. N-Methyloxyacan thine has virtually the same structural components 
except that they have been combined with the isoquinolino rings adjacent (11) 
instead of being alternated with the two oxybonzyl groups as in the d-tubo- 
ourarine molecule (I). This interchange of two rings has led to a slight reduction 
in activity (although several agents with the other arrangement are even less 
active (6)) and has added a weak atropine-like activity to the molecule. 

BUJUtAnY 

N-Methyloxyacanthine iodide was compared with d-tubocurarine chloride 
pentahydrate in rats, rabbits, dogs, and man. N-Methyloxyacanthine is about 
one-half as active a paralyzing agent as d-tubocurarine, but differs in that it also 
possesses a weak atropine-like action. 
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The uptake of phosphate by the red blood cells has been the subject of many 
investigations although only a few determinations have been made using radio- 
active tracers. The migration of phosphate between plasma and cells was 
studied by Halpern (1). Her conclusions were that at 3°C. the membrane is not 
permeable to inorganic phosphate, at 23°C. slowly, while at 37.5°C. the transfer 
is easily demonstrated. Variations in carbohydrate metabolism were induced 
in vilro by the addition of glucose and sodium fluoride, and the subsequent 
changes in the distribution of phosphate were then observed. Inorganic phos- 
phate entered the cell during glycolysis but left the cell when glycolysis was 
completed even though its concentration was already higher in the serum than in 
the cells. Eiseman, Ott, Smith, and Winkler (2) , using radioactive phosphorus, 
confirmed the observations of Halpern. They found that inorganic phosphorus is 
excluded from the cells at 7°C. and freely enters the cell at 38°C. They believe 
that some inorganic phosphate is converted into an organic form. The mecha- 
nism of entry of phosphate into tissue cells has been reviewed recently by Sacks 
(3). In view of these experiments and the interest in the effect of anesthetics 
on cellular processes, it was decided to use the transfer of radioactive phosphate 
from plasma into the red blood cell as a means of studying the effects of anes- 
thetics on this enzymatic transfer mechanism. 

Early in the investigation, it was found that considerable variations exist 
in the uptake of phosphate by various bloods. Even the same individual does 
not show the same degree of penetration from day to day. Therefore, this re- 
search was extended to cover a study of thirty individual blood donors. Some of 
these individuals were tested repeatedly from day to day under uniform and also 
varied conditions of food intake. 

Methods. Human blood was used in this investigation. In some preliminary experi- 
ments it was oxalated (200 mgms. of potassium oxalate per 100 cc. of blood) , but the majority 
of experiments were carried out ndth citrated blood using the ACD’ preservative. One- 
hundred ce. of blood thus contained 1.91 X 10~’ moles of citrates at pH 6.8-7 .0 and 600 
mgms. of dextrose. In these latter experiments bloods of individual donors were used. 
When drawn in the morning the blood was used immediately; when drawn in the afternoon 
it was kept at 4'’C. overnight. 

* This investigation was supported (in part) by a research grant from the Division of 
Research Grants and Fellowships of the National Institute of Health, U. S. Public Health 
Service. The authors are also indebted to Dr. Vincent W. Archer, Department of Roent- 
genologj', Medical School, University of Virginia, for supplying sufficient funds to purchase 
some of the equipment used in this work. 

= ACD preservatives: Trisodium citrate, 166.2 grams; citric acid, 59.50 grams; dextrose, 
300 grams. Added to 5000 cc. distilled water. Filtered and 50 cc. added to each 500 cc. 
blood. 
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A ten cc. specimen of blood was placed in a test tube (20 X 140 mm.). If necessary, the 
drug, in the form of powder, was added and dissolved. One cc. of radioactive phosphate in 
0.9 per cent NaCl solution was then added, the tubes closed and rotated at a rate of 90 
rpm at 37*C. Control experiments without the drug were carried out in all determinations. 
After various periods of time specimens were taken, centrifuged, and the plasma used for 
determination of radioactivity. Simultaneously, hematocrit readings were taken to trace 
any possible variation in blood coll volume. Hematocrit readings were made after 30 
minutes centrifugation at 1700 rpm. 

For the determination of the amount of radioactivity, the following technique was 
found to give reproducible results. Standard aluminum dishes (supplied by one of the 
manufacturers) were flattened by means of an hydraulic press. The dishes were washed 
carefully with alcohol and ether. By using a rubber stamp wdth a metal ring as a guide, a 
ring of silicon grease was stamped in the middle of each dish. Then a 0.2 cc. sample of 

TABLE I 

The effect of moss and the amount of plasma on the determination of radioaciivitij 
in plasma (per 0£ cc. of plasma) 


Ashing the samples 


SWTLE NO. 

UINVTES TOX 204S COUNTS 

1 1 

Asb 

1 


1.45 

2 


1.70 

3 

1 1 -^® 1 

1.76 


Varying the amount of plasma 


SAUFIX NO. 

plasua 

COT7NTS PZXUXNUTE 

couNia m 0.1 cc. 

1 

«e. 

0.1 

810 

310 

2 

0.2 

580 

290 

3 

0.3 

890 

207 

4 

0.4 

1130 

283 


plasma was placed in the middle of the ring and with the help of a fine copper wire and a 
trace of di-octyl*sodium-sulfo*succinato the plasma was spread evenly within the ring. 
The sample was dried at 80*C. To determine the radioactivity of the solution added to the 
blood, 1.00 cc. of radioactive phosphate was added to 10 cc. of water, and 0.2 cc. of this solu- 
tion was used for the determination of the radioactivity of the original phosphate solution. 

All measurements of radioactivity were carried out by determining the time required 
for 2048 counts to take place. This operation was repeated ten times. In consequence, 
every experimental point was based on 20,480 counts. The results were corrected for the 
background counts which were generally at the rate of 30 to 40 per minute. The over-all 
average experimental error was about ±1.5 per cent. 

Two factors may interfere with the validity of the measurements. The first is self- 
absorption: the absorption of beta radiation by the sample itself. This factor was tested 
by ashing of the plasma and also by increasing the volume and, therefore, the weight of the 
sample. In table I are given the results of these experiments. Examination of this table 
shows that ashing docs not change the time necessary for 2048 counts. The same is true, 
up to a certain limit, when- the amount of plasma is varied. Therefore, self-absorption in 
these experiments is negligible. 
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Another variable in these experiments is the possible effect of carbon dioxide and oxygen 
Oh the penetration of radioactive phosphate. In table II are given the results of an experi- 
ment in which the same blood was saturated with air and with a mixture of 5 per cent carbon 
dioxide and 95 per cent oxygen. Surprisingly, these various bloods showed identical counts 
within the experimental error. The rate of penetration of radioactive ions is not affected 
by these gases under the conditions of these experiments. Therefore, it was decided to 
'carry out all the determinations in atmospheric air. It is of interest to note that the ab- 
sence of oxygen does not seem to affect this rate of penetration (table II). 

In order to obtain the magnitude of the exchange of radioactive phosphate between cells 
and plasma the following determinations were made: 1. the total radioactive phosphate 
added to blood; 2. the amount of radioactive phosphate in an aliquot part of plasma; and 
3. the volume of plasma (hematocrit readings). The number of counts and, therefore, the 

TABLE II 


The effect of saturating citrated Hood with various gases at S7°C. 



COUNTS PES mNOTE PES 0.2 CC. OP BLOOD: 

TREATMENT 

After H i'rs. 

AfterShrs. 


In plasma 

In blood 
corpuscles 

In plasma 

In blood 
corpuscles 

Saturated with air 


820 



Sat. 5% CO. ; 95% Oj 


890 

770 

980 

Saturated with Nj 

1040 

850 


990 

Saturated with Nj 

1010 

880 

740 






concentration of radioactive phosphate in plasma or cells can easily be calculated from the 
following equations; 

Counts in 0.2 cc. plasma X = Counts in plasma per 0.2 cc. of blood 

Counts in plasma X jqo = Per cent of P 32 in plasma 

Counts in 0.2 cc. of blood 

100 — Per cent of P 32 in plasma = Per cent of P 32 in blood cells 

Results. Considerable variation from individual to individual was found in 
the rate of penetration of radioactive phosphate ions into the cells. The fre- 
quency distribution diagram of 27 blood donors is given in fig. 1. The spread 
of experimental points is sjunmetrical after 1 hour and is less after 3 to 4 hours. 
After 6 hours, the segregation of experimental points was much better (not repro- 
duced on the graph). This is probably due to the fact that the system ap- 
proached an equilibrium. 

The variation between indi'vidual blood donors led to the study of the variation 
of the rate of penetration of P 32 in a single individual under controlled condi- 
tions. J. L., a healthy, athletic, young man was asked to eat an average lunch 
between noon and 1:00 p.m. At 3:00 p.m. 50 cc. of his blood were dravm. 
The operation was repeated daily for 6 days. The results are given in fig. 2. 
The blood of J. L. showed considerable variability, equal, if not greater, than 
the variability between indi'vidual blood donors. Particularly striking are the 
results of two experiments when in 1 hour practically 80 per cent of P 32 was 
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transferred into the colls. The only noticeable differoneo which the blood 
showed on those days was a slight raillcy-wliitc appearance. In consequence, it 
was thought that an acceleration of penetration of P 32 may have been due to the 
presence of fats or lecithin. 

In order to clear up that point, it was decided to restudy an individual donor. 
This time, R. G. was requested to abstain from breakfast on 2 days (the blood 
was drawn at 9:00 a.m. and used immediately). On 2 other days, he was asked 
to eat a copious breakfast (8:00 a.m.), drink 2 glasses of milk and eat a large 
amount of butter. At 10:30 a.m., 50 cc. of his blood were drawn and used 
iimnediately for experiments. Tlie results of these four experiments are given 


NUMBER 


10 OF CASES 


8 I HOUR 

'6 
4 

a' 

32 37 42 47 52 57 


3-4 HOURS 


-J I ■ I 

62 67 72 77 


PERCENT P32 IN CELLS 

Fig. 1. Rate op Penetoation of P 32 into Huwan EnYrnnocYTES 
Frequency distribution diagram of 27 individual blood donors. Citrated blood at 37®C. 
Abscissae, per cent P 32 in cells; ordinates, number of cases. Results are given for the 
determinations at the end of one hour and for tbo 3 to 4 hour determinations. 


in fig. 3. Again this system demonstrated the same uncontrolled conditions. 
The food intake does not seem to bo a governing factor in the rate of uptake of 
P 32. The two experiments before breakfast showed a wide gap at 1 hour. At 6 
hours, the system showed a far more orderly behavior and the two sets of experi- 
ments exhibited a good segregation. The bloods before breakfast had about 60 
per cent of P 32 in the cells; the bloods after breakfast, about 76 per cent. 

The average curves for citrated blood (27 individuals) and for oxalated blood 
(10 experiments) are given in fig. 4. On the same graph is plotted the results of 
experiments with citrated blood as a reciprocal of time. This straight line was 
extrapolated to infinite time, indicating that at equilibrium conditions, 70 per 
cent of P 32 is in the cells. 

The variability of the uptake of phosphate discussed in a previous paragraph 
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leaves two possible solutions; 1. to make an exhaustive study of a certain drug 
sufficient to give a probable quantitative solution of the problem, or 2. to make 
a restrictive study of the effect of a certain drug and be satisfied with the answer 
“yes" or “no.” In the case of sodium barbital, an extensive investigation was 
carried out covering a large number of individual donors. In the case of ether, 
methadon, and urethane, only a few experiments were made to determine 
whether these drugs have an effect on the uptake of phosphate. 


PERCENT IN CELLS 



Fig. 2. Rate of Penetuation of P 32 in a Single Individual (J. L.) 

Six experiments on different days. Citrated blood at SI'C. Abscissae, hours ; ordinates, 
per cent P 32 in cells. 


Sodium barbital, in relatively small concentration, 0.02 Molar, has a distinct 
delaying effect on the uptake of radioactive phosphate by the cells. Fig. 5 
gives the results of these deteiminations, using the bloods of 21 donors. In the 
same graph are found the corresponding controls to which no sodium barbital 
was added. This drug had a very definite effect at the beginning of the experi- 
ments, but after 6 hours the sodium barbital curve began to coincide with the 
control curve due to a higher rate of penetration of radioactive phosphate. 
It may, perhaps, be said that the mechanisms for uptake have the power of 
recovering from the initial inhibitory effect and gradually resume a higher state 
of migration. 

Sodium barbital is osmotically active in blood, i.e., sodium barbital does not 
enter the cells. In table III are found the averages of determinations of the 
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change in volume of blood colls. Examination of the table demonstrates that 
the permeability of cells to sodium barbital does not change in the course of the 
experiment, indicating first, that the cell is not injured by a C-hour contact with 
sodium barbital; and second, that the recovery of the cell from initial inhibition 
is not due to any redistribution of sodium barbital between the cells and plasma. 
Since sodium barbital is osmoticallj' active, the blood cells lose water. There- 
fore, it may bo suspected that the initial difference ( 1 hour) may simply be due to 


PERCENT IN CELLS 


80 

70 

60 

5o' 

40 



30 


HOURS 

2 3 4 


nl I 

5 6 


Fig. 3. Rate op Penetration of P 32 in a Single Individual (R. G.) 

Citrated blood at 37®C. Abscissae, hours; ordinates, per cent P 32 in cells. Upper two 
curves, X and 0, blood samples taken after breakfast; lower two curves A and V> blood 
samples taken before breakfast. 


a flood of water from the cells into the plasma. This would produce a temporary 
physical barrier to the migration of radioactive phosphate into the cells. 

If this delay is an osmotic phenomenon, then another osmotically active 
substance should reproduce the delay observed in the case of the sodium barbital 
curve. In table IV, the results of Exp. 50 are given in detail. In this experi- 
ment, sucrose was used as the osmotically active substance. The results do not 
leave any doubt concerning the specific effect of sodium barbital. In an iso- 
osmotic concentration, sucrose does not delay the penetration of radioactive 
phosphate into the cells. It must be concluded that the effect of sodium barbital 
is a true change in the mechanisms of uptake of phosphate. In order to produce 
the same amount of shrinkage in cells, the concentration of sucrose required is 
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Urethane was tried at concentrations of 0.02 and 0.04 Molar. The experiments 
extended from one to six hours. Beside the usual controls, experiments were 
done with urea at the same concentration as urethane. Urethane is osmotically 
inactive in blood; that is, it enters the cells. The results of four experiments 
indicate that neither mrethane nor urea have any effect on the uptake of phos- 
phate ions by the red blood cells. 

Discussion. In this study of the effects of certain anesthetics on cellular 
permeability, the system plasma-red blood cell was chosen on account of its 
ease of study. However, this simple system presented many difficulties in ex- 
perimental analysis. Due to the variability in the rate of uptake of phosphate 
from day to day of blood from different donors and even from the same donor, 
each experiment had to be evaluated by itself. Fortunately, this could be done 
by using the same blood sample with and without the anesthetic present. There- 
fore, the blood sample in each determination had the same amount of citrate 

TABLE IV 


Effect of sodium barbital and sucrose on cell volume and uptake of P SS 
by red blood cells at STC. (eitrated blood) 


1 

HOtT&S 

CELLS BY VOLTJIIE 

P 32 m CELLS 


Control 



Control 




% 

% 

% 

% 

% 

% 

1 

37.9 

34.9 

34.7 

60.9 

62.6 

39.0 

3 

38.2 

34.7 

35.1 

61.5 

62.6 

52.7 


and glucose and was handled in the same manner, the only difference between 
samples being the presence or absence of the drug in question. There can be no 
doubt that sodium barbital in the concentrations used decreases the rate of 
uptake of radioactive phosphate by the red blood cell. Ether also has a retard- 
ing effect. Methadon (in very dilute solutions) and urethane do not effect the 
rate of uptake of phosphate by the red blood cell. 

From the fact that the rate of uptake of phosphate is abolished by a decrease 
in temperature and is dependent on the concentration of glucose in the plasma, 
it is obvious that the change in uptake is not merely one of change in permeability 
of the red cell membrane but depends on several factors. The chief factor must 
be an enzymatic action involving the formation of hexose-phosphates in the cell 
or on the cellular membrane. Therefore, it is probable that the anesthetics 
which delay the uptake of phosphate are acting on an enzymatic process. 

SUMMARY 

1. The rate of uptake of radioactive phosphate ions by human erythrocytes is 
a variable. It varies from individual to individual and in the same indi-vidual 
from day to day. This change seems not to be a function of food intake. 

2. Sodium barbital decreases the rate of uptake of radioactive phosphate ions 
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)y the red blood cell. Certaia quantitative conclusions were derived from ex- 
leriments covering a large number of individual blood donors. 

3. Ether has a retarding effect. Methadon (in very dilute solution) and 
ircthane do not change the rate of uptake of phosphate ions by the red 
ilood cell. 
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Urethane was tried at concentrations of 0.02 and 0.04 Molar. The e-xperiments 
extended from one to six hours. Beside the usual controls, experiments were 
done with urea at the same concentration as urethane. Urethane is osmotically 
inactive in blood; that is, it enters the cells. The results of four experiments 
indicate that neither urethane nor urea have any effect on the uptake of phos- 
phate ions by the red blood cells. 

Discussion. In this study of the effects of certain anesthetics on cellular 
permeability, the system plasma-red blood cell was chosen on account of its 
ease of study. However, this simple system presented many difficulties in ex- 
perimental analysis. Due to the variability in the rate of uptake of phosphate 
from day to day of blood from different donors and even from the same donor, 
each experiment had to be evaluated by itself. Fortunately, this could be done 
by using the same blood sample with and without the anesthetic present. There- 
fore, the blood sample in each determination had the same amount of citrate 

TABLE IV 


Effect of sodium barbital and sucrose on cell volume and uptake of P 32 
by red blood cells at S7°C. {citrated blood) 



CELLS BY VOLUilE 

P 32 IN CELLS 


Control 



Control 




% 

% 

% 

% 

% 

% 

1 

37.9 

34.9 

34.7 

50.9 

52.6 

39.0 

3 

38.2 

34.7 

35.1 

61.5 

62.6 

52.7 


and glucose and was handled in the same manner, the only difference between 
samples being the presence or absence of the drug in question. There can be no 
doubt that sodium barbital in the concentrations used decreases the rate of 
uptake of radioactive phosphate by the red blood cell. Ether also has a retard- 
ing effect. Methadon (in very dilute solutions) and urethane do not effect the 
rate of uptake of phosphate by the red blood cell. 

From the fact that the rate of uptake of phosphate is abolished by a decrease 
in temperature and is dependent on the concentration of glucose in the plasma, 
it is obvious that the change in uptake is not merely one of change in permeability 
of the red cell membrane but depends on several factors. The chief factor must 
be an enzymatic action involving the formation of hexose-phosphates in the cell 
or on the cellular membrane. Therefore, it is probable that the anesthetics 
which delay the uptake of phosphate are acting on an enzymatic process. 

SUMMARY 

1. The rate of uptake of radioactive phosphate ions by hmnan erythrocytes is 
a variable. It varies from individual to individual and in the same individual 
from day to day. This change seems not to be a function of food intake. 

2. Sodium barbital decreases the rate of uptake of radioactive phosphate ions 
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Since the work of Quastel and his associates (1, 2, 3) there has been a growing 
concept that central ner^^ous system depressants produce their effect by inhibit- 
ing the enzymes necessary for the oxidation of carbohydrates. It has been shown 
that many narcotics inhibit oxygen uptake when glucose, lactate or pyruvate are 
used as substrate but do not inhibit the oxidation of succinate (3, 4, 6). These 
and other investigations (0, 7, 8) indicate the dehydrogenase, cytochrome and 
cytochrome oxidase are relatively narcotic insensitive, whereas flavoproteins or 
unknown components of the oxidative enzyme system are relatively narcotic 
sensitive. Methadon, meperidine (dcmerol) and morphine, thougli very dif- 
ferent in molecular structure, have similar in vivo action as analgesics. A recent 
investigation (8) has sho^m that morphine in concentrations up to 0.01 M does 
not inhibit glucose oxidation by brain tissue in vitro whereas 0.005 to 0.01 M 
demerol and 0.001 to 0,005 M methadon do produce inhibition. 

The purpose of the present investigation was: (a) to determine the effect of 
proven analgesics on the succinic oxidase systemj (b) if possible to determine 
what part of the system was blocked and (c) to attempt to correlate in vitro and 
in vivo action of the drugs. If the principal site of enzymatic blockage could be 
established then a biochemical basis would exist for the development of better 
analgesics and for the more efficient and economical testing of the large number of 
synthetic compounds being developed as possible analgesic agents. Most recent 
investigations (9, 10) indicate the succinic oxidase system consists of the dehy- 
drogenase, cytochrome b, an unknown factor, cytochrome c, cytochrome a and 
cjdochrome oxidase. Any observed effect of the analgesics on the oxidation of 
succinate would be due to its action on one or more of these components. 

Methods. The analgesics used were morphine sulfate USP, codeine sulfate USP, 
meperidine hydrochloride (Winthrop) and methadon hydrochloride (Lilly). Since there 
are two molecules of the active alkaloid per molecule of morphine sulfate and codeine sul- 
fate, equal molar concentrations have twice as many active groups as methadon hydro- 
chloride and meperidine hydrochloride. 

Beef brain homogenate was used as a source of enzymes. About one hundred grams of 
brain, obtained within 10 minutes after the animal was slaughtered, were immediately 

^ Ethyl-l-mothyl-4-phenylpiperidiDe-4-carboxylate hydrochloride kindly supplied by 
Winthrop Chemical Co. as “Demerol”. 

* 4,4-Diphcnyl-6-dimethylamino heptanonc, 3-HCI kindly supplied by Eli Lilly & Co. as 
*‘Dolophine”. 

* This investigation W'as supported in part by a research grant from the Division of Re- 
search Grants and Fellowships of the National Institute of Health, U. S. Public Health 
Service. 
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frozen in a mixture of dry ice and acetone. The frozen brain was then broken into pieces 
of one to three grams and packed in a 25 mm. x 200 mm. test tube. The test tube was slipped 
into a quart vacuum bottle, previously packed with about 500 grams of dry ice. When 
stored in a refrigerator the dry ice will last about one week; the tissue is kept at a very low 
temperature. There was no significant change in succinic oxidase activity for as long as 
30 days. The tissue homogenate was prepared by grinding the frozen brain in cold 0.1 31 
phosphate buffer in a glass grinder (11). One part tissue plus 9 parts of buffer (10 per cent 
homogenate) was used for the Thunberg experiments; a 25 per cent homogenate was used 
for Warburg experiments. 

Succinic oxidase activity was determined by the method of Schneider and Potter (12). 
O.xygen consumption was measured in Warburg manometers at 36.3°C. with a gas phase of 
oxygen. Two control vessels with no drug and four vessels with increasing drug concentra- 
tions were used in each experiment and served as checks on each other. The contents and 
concentration of the substances in the Warburg vessels are given with the results for each 
experimental condition. Oxygen was passed through the vessels 10 minutes followed by a 
10 minute equilibration period. The initial readings were then made, the stopcocks closed 
and the substrate tipped over into the reaction vessels to start the experiment 

The effect of the drugs on succinic dehydrogenase activity was determined by the rate 
of methylene blue reduction using the Thunberg method. The tubes and contents were 
chilled in an ice-water bath and evacuated for 3 minutes wdth a good water aspirator. Re- 
duction time was determined visually using 90 per cent reduction as the end point. There 
was a tendency for the highest drug concentration, especially of morphine sulfate, to shift 
the pH of the buffered solution. A Cambridge glass electrode pH meter was used for pH 
determinations on the contents of the Thunberg tubes and the Warburg vessels after each 
experiment. Spectral absorption curves of cytochrome c were made with a Beckman model 
DU spectrophotometer. It could be determined qualitatively whether cytochrome c was 
in the oxidized or reduced state. 

Results. The effect of the drugs on oxygen uptake by the succinic o.xidase 
system is sho"wn in figs. 1 and 2. Fig. 1 shows a typical experiment "with meperi- 
dine. O.xygen uptake is linear udth time and there is no significant endogenous 
activity of the homogenate. The relative inhibition of the succinic oxidase 
system by morphine, codeine, methadon, and meperidine is shown in fig. 2. 
The per cent inhibition was obtained by dmding the control vessel oxygen uptake 
for 60 minutes into the difference between the control vessel and the vessel with 
drugs. There is a marked inhibition by all the drugs. Part of the inhibition by 
morphine could be due to the shift in pH "n'hich was as much as 0.83 pH units 
at 4 X 10~- M. The pH could not be held constant at 7.4 since morphine at the 
higher concentrations would not stay in solution at this pH. Methadon and 
meperidine gave an even greater inhibition at a very constant pH. The pH 
Avith these drugs never varied more than 0.1 units. Repeated experiments with 
methadon (fig. 2) and homogenates prepared at different times show the experi- 
ments and degree of inhibition to be quite constant and reproducible. 

Spectral absorption curves made on the contents of the Warburg vessels 
immediatelj’- after experiments showed the cytrochrome c in the control vessels 
with a high rate of oxygen uptake was in the reduced state. This Avas to be 
expected since succinate in the presence of dehydrogenase readily reduces cyto- 
chrome c. In the A’ essels AA-ith concentrations of morphine, methadon or meperi- 
dine AA'hich produced significant inhibition, the cytochrome c was in the oxidized 
form. This indicated the dehydrogenase or some factor necessary for the reduc- 
tion of cjdochrome c by succinate A\'as being blocked. 
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Fio, 1. The Effect of VAiiTiNa Concentrations op Meperidine on the Succinic 
O sQDASE System 


"liosphate 
ihrome c; 
water to 



Fio. 2. Effect op Vartino Concentrations of Analgesics on the Succinic 
Oxidase Syste&i 

Solid lines, _ 0.3^ cc. of 0.5 M sodium succinate as substrate; broken line, 0.3 cc. of 0.5 M 
p-pbenylenediamine as substrate; concentration of other components same as for 6g. 1, 

Since succinic dehydrogenase catalyzes the reduction of methylene blue in the 
presence of succinate, it was thought this method could be used to determine 
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the effect of the drugs on the dehydrogenase. The results are given in table I. 
Morphine inhibited methylene blue reduction. This inhibition is partially due 
to the decrease in pH which amounted to 0.84 units at 1 X 10“^ M morphine 
sulfate. Time for methylene blue reduction increased from 7 to 27 minutes. In 
a control experiment when the pH was decreased 0.79 pH units by means of 
phosphate buffer the reduction time was increased from 18 to 25 minutes. 
Methadon and meperidine accelerated the reduction of methylene blue by the 
homogenate both in the presence and absence of succinate. This acceleration 
is independent of any change in pH which was never lowered more than 0.1 pH 

TABLE 1 

The effect of morphine, meperidine, and methadon on the rale of methylene blue reduction. 

Temp. S6.S“ C. 


Except as noted each Thunberg tube contained 1.0 cc. of 1:10,000 methylene blue; 1.0 
cc. of 0.10 M phosphate buffer, pH 7.4; 1.0 cc. of 0.15 ilf sodium succinate; drug to give 
final concentration shown above; water to make 5 cc.; 1.0 cc. of 10 per cent brain homo- 
genate in phosphate buffer in the side arm. 

* The methylene blue was in solution with the methadon during a 10 minute equilibra- 
tion period so that some reduction had occurred before the homogenate was tipped into 
the tube and the data is only qualitative. 

units. Finally it was found that methadon reduces methylene blue in the 
absence of both succinate and the homogenate. Thus methadon is a reducing 
agent which requires no biological catalyst to reduce methylene blue. Morphine 
and meperidine did not reduce methylene blue in the absence of the homog- 
enate. Any observed effect of these analgesics on the rate of reduction would 
not necessarily be due to their effect on the dehydrogenase. 

In a further attempt to isolate the point of blockage by methadon its effect on 
the oxidation of p-phenylenediamine was determined. Only cytochrome c — 
cytochrome oxidase is necessary for the oxidation of this substrate (9) . As shown 
in fig. 2 methadon inhibits the oxidation of the p-phenylenediamine even more 
than the oxidation of succinate. Failure to obtain complete inhibition at the 
higher concentrations of methadon is probably due to the autoxidation of p- 
phenylenediamine. 

Discussion. The analgesics investigated consistently inhibited the succinic 
oxidase system. The concentration required is about two to five times as great 
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as that required to inhibit the oxidation of glucose, lactate, and pyruvate by the 
same analgesics. This is probably the reason most previous investigators have 
concluded that succinic oxidase is narcotic insensitive. Assuming uniform dis- 
tribution the concentrations required for in vitro inhibition are infinitely greater 
than that required to produce the in vivo effect of the drugs. Though the rela- 
tive analgesic potency of these drugs has not been firmly established (13, 14, 
15), with the exception of meperidine the inhibition produced is in the order of 
the in vivo potency as analgesics. 

The attempt to determine the point of blockage by methadon or the other 
analgesics is inconclusive. Any conclusions to the effect of the drugs on the 
dehydrogenase would be open to question since other factors effect the rate of 
methylene blue reduction. The qualitative spectrographic data definitely in- 
dicated the dehydrogenase or an unknomi factor (9, 10) is blocked, preventing 
the reduction of cytochrome c in the presence of succinate. Since the oxidation 
of p-phenylenediamine is also inliibited it must be concluded that methadon also 
blocks at the cytochrome c — cytochrome oxidase level. This might indicate that 
the inhibition is not specific but the analgesics at the concentrations used are 
general enzymatic inhibitors. 

The author wishes to express his appreciation to Dr. Chalmers L. Geramill for 
his many beneficial suggestions during the progress of this work and to Mrs. R. 
F. Matthews for her tcclinical aid in the experiments. 

SUMMARY 

Morphine, codeine, meperidine, and methadon inhibit the oxidation of suc- 
cinate b 3 ’’ brain homogenate. Spectrographic data showed these drugs prevent 
the reduction of cytochrome c hy the enzjnne preparation and succinate indicat- 
ing the block occurred at the dehj^drogenase or an unkno^Mi factor. The inhibi- 
tion of the oxidation of p-phenj4encdiamine by methadon shows blockage also 
occurs at the cjdochrome-cj'tochrome oxidase level. 
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A new series of anticholinergic spasmolytic compounds, substituted acetic 
acid and glycolic acid esters of amino alcohols synthesized by Blicke and Tsao (1), 
has been investigated recently by Lands and Nash (2) and Lands, Nash, and 
Hooper (3) for their pharmacologic activity. Preliminary experiments (4, 5) 
have shown that /3-piperidinoethyl phenyl-a-thienylglycolate (PPT) 
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is most promising and worthy of more intensive pharmacologic study. The work 
described here was undertaken to detei'mine chiefly the effectiveness of the com- 
poimd with respect to its spasmolytic action in experimental animals and normal 
human volunteers, and to determine what side reactions might be expected to 
occur following therapeutic application to man. 


Methods. 1. Animal studies, a) Cardiovascular action: Healthy dogs of varying sex 
and weight were anesthetized with sodium pentobarbital. As an indicator of the anti 
cholinergic effectiveness of this agent, the blood pressure response to acetylcholine before 
and after the administration of PPT was determined. In order to determine whether PPT 
possessed any significant antihistaminic action, it was compared with diphenhydramine 
(Benadryl) employing histamine as the vaso-depressor substance. The intravenous route 
was employed throughout. Electrocardiographic studies were made in 4 unanesthetized 
monkeys after subcutaneous administration. 

b) Spasmolytic action: Effects on the gastro-enteric tract were determined in 17 monkeys 
pretreated with morphine sulfate, 0.5 to 7.0 mgm./kgm., subcutaneously. The activity of 
the colon, ileum and jejunum in the acute experiments was measured after an abdominal 
incision and insertion of single balloons. In the remaining monkeys, the balloons were 
inserted in tandem into the distal colon bj' waj’’ of the anus and inflated to a pressure which 
would produce optimal recordings. Ar or air-water transmission was used with either 
Harvard membrane or aneroid manometers. Intestinal activit 3 - of the dog was recorded 
similarlj'. Normal activity as well as morphine- and pilocarpine-induced hyperactivity 
were recorded. Intravenous dosages of morphine from 2.5 to 6.5 mgm./kgm. and of pilo- 
carpine 2.0 mgm./kgm. were employed. Effects in the intact uterus were recorded in 4 


* Adcd by a research grant from the Stcrling-Winthrop Therapeutic Institute, Rens- 
selaer, New Y’ork, which also provided the new drugs used in this study. 

" Now at National Institute of Health, Nanking, China. 
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anesthetized non-pregnant multiparous rabbits, using the same recording apparatus as in 
the dog. The activity of the isolated non-pregnant, guinea pig strip was recorded by the 
Magnus method using Smith-Ringer's solution. Effects on the intact rat uterus were re- 
corded in 5 anesthetized virgin rats. PPT was administered subcutaneously in all cases. 

c) Chronic toxicity: Three normal rabbits were given daily subcutaneous doses of PPT, 
40 ingm./kgm. until the animals died of convulsions. During the period of this experiment, 
the sulfobromophthalein retention, blood urea, red and white blood counts, hemoglobin, 
and differential white cell count were determined every 10 days. Particular attention was 
paid to the general condition of the animals, appetite, cardiac rate, respiration, size of the 
pupil and central nervous system irritability. Autopsy was performed immediately after 
death and sections of the brain, lung, heart, liver, spleen, kidney, adrenal, and intestine 
were taken for histopathologic examination. 

2. Human studies, a) PPT was given to normal subjects in doses ranging from 2.5 to 35 
mgm. Doses of 2.5, 5, 7.5, 10, and 20 mgm. were administered sublingualli'; those of 10, 
15, 20, 30, 35 mgm., orally. The following observations were made on each subject before 
and at definite intervals after the administration of PPTr 

Central nervous system: Tremors, pupil size, reading ability (us a measure of accommoda- 
tion), degree of hypnosis (by the number of strokes tapped per minute ou a telegraph key), 
degree of analgesia (by measuring the time of appearance of ischemic pain with a blood 
pressure cuff applied and pressure maintained over systolic blood pressure). 

Autonomic ncri'ows system: Skin: temperature, color, and degree of perspiration. 

Cardiovascular system: Pulse rate and character, blood pressure and electrocardiogram. 

Respiratory system: Rato and amplitude (by use of the mctabolor). 

b) Gastric motility was recorded in 4 subjects bj' means of a balloon passed into the 
stomach and connected by an air system to an aneroid manometer. Doses of 5, 10, and 25 
mgm. were administered orally and of 5 ami 10 mgm., sublingually. 

Resui^ts — Animal Studies, Cardiovascular effects. M oJtkcys — No eifect was 
noted on cardiac rate, rhythm, or conduction in the monkeys after the subcu- 
taneous administration of 4.0 mgm./kgm. of PPT. 

Dogs — ^The fall in blood pressure from intravenous (i.v.) doses of acetylcholine 
iodide was effectively combatted by PPT in 14 dogs. The mean fall in blood 
pressure of two dogs produced by a control dose of 0.001 mgm./kgm. of ace- 
tylcholine iodide, i.v., was 59 mm. Hg. After the administration of 10.0 mgm./ 
kgm. of PPT, i.v., graded doses of 0.001, 0.01, 0.1, and 1.0 mgm./kgm. of ace- 
tylcholine iodide produced a fall of 4, 16, 51 , and 68 mm. Hg, respectively. It is 
interesting to note that after the administration of PPT, the fall in blood pressure 
caused by acetylcholine in dosage as large as 1.0 mgm./kgm. (i.e., 52 and 84 mm. 
Hg) is comparable to that produced by the control dose of acetylcholine, 0.001 
mgm./kgm. 

In view of the marked anti-acctylchoIinc effect of PPT demonstrated by this 
experiment, more extensive studies were instituted in 5 other healthy dogs to 
determine the intensity and duration of action of this particular agent in smaller 
doses. Following the injections in the same dog of decreasing doses of PPT, 10.0, 
1.0, 0.5 and 0.1- mgm./kgm., i.v., the control dose of acetylcholine, 0.001 mgm./ 
kgm. was ropeAtbd'aPo to 10 minute intervals until the blocking action of PPT 
against the depressor effect of acetylclioline could no longer be demonstrated. 
Representative records of the decreased blood pressure response to acetylcholine 
at different mtervids'hfter the administration of PPT areillustrated in fig. 1. 
The results show'iliat PPT in doses of 0.1 mgm./kgm. and up, possesses pvo- 

«T 'i'' V 
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nounced anti-acetylchoVme activity. The depressor response to acetylcholine, 
0.001 mgm./kgm., was completely blocked for considerably long periods by PPT 
in doses of 0.5, 1.0, and 10.0 mgm./kgm. and remained partiallj’’ depressed for 
71, 124, and 323 minutes, respectively. 

In a series of 3 dogs, histamine was given in doses ofO.OOl, 0.01, and 0.1 mgm./ 
kgm. No effect was evidenced on the histamine-induced fall in blood pressure 



Fig. 1. Duration of anti-acctylcholinc effect of PPT on the blood pressure of the dog. 
Challenge dose of acetylcholine iodide 0.001 mgm./kgm., intravenously, used throughout. 
C = control response to acetylcholine for PPT doses of 0.1 and 10.0 mgm./kgm. R = 
recovery response and control response for each subsequent injection of PPT; c.g. R for 
PPT 0.1 mgm./kgm. is control response for PPT 0.5 mgm./kgm., etc. D = total duration 
of anti-acetylcholine action expressed in minutes; D, 14 D and D represent responses 
to aoetvlcholine injections at time intervals which were 14, 14 and 54 of the total time (D) 
during which anti-acctylcholinc action was present. 


after the administration of 10 mgm./kgm. of PPT. There was no demonstrable 
effect upon the blood pressure rise induced by 0.1 unit/kgm. of pitressin after the 
intravenous administration of 10 mgm./kgm. of PPT. 

Gaslro intestinal activity. Monkey —Morphine was given to accomplish a dual 
purpose in the monkey experiments; first, to induce hypermotility, and second, 
to quiet the animal during the experimental period. No anti-morphine effect 
was obtained on the ileum, jejunum, and colon in an acute monkey experiment. 
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when PPT was administered in subcutaneous doses ranging from 0.1 to 0.4 
mgm./kgm. No antispasmodic effcct was found in the 7 remaining monke 3 ’’s 

TABLE 1 


Duration of apasmolytic action of PPT and Trasentin, subcutaneously, following rnorphine 
induced hypermotUHy of the monkey colon 


KtJUBER OF MOHKEYS 

PPT 

TRASVJfTIS 

UTAN DDRATION AND 
RANGE OF COUPLETE SPAS- 
UOLYSIS (minutes) 


fNfm /kgm. 

/kgm 1 


3 

0.4 

— ' 

1 > 

(0-3) 

2 

1 0 

— 

13 

(5-21 ) 
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1 3 

— 

.3 

(1-0) 

4 

2.0 ' 


24 

1 (8-52) 

4 

4.0 


i '■ 

1 (5-2S) 
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S.O 


1 42 

: (5-C2) 
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10 

1 ■) 

1 (0-22) 
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Fro. 2. Influence of PPT and Trasentin on Morphine Induced Hyperactivity of the 
Monkey Colon 

Upper record = tracing from upper balloon, lower record = tracing from lower balloon 


with subcutaneous doses of less than 0.4 mgm./kgm. In the dosage range of 
0.4 to 8.0 mgm./kgm. spasmolytic activity against morphine-induced hypermo- 
tility was usually quite marked, especially at the higher dose levels (see table 1). 
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A representative record is presented in figure 2, Trasentin did not:pi-oduce 
spasmolysis until a dose of 10 mgm./kgm. was reached and then only infrequently 
did it exhibit anj"- action on the monkey colon. 

Dog — Results in normal, morphine- and pilocarpine-induced hyperactivity of 
the ileum and jejunum are summarized in table 2. PPT depressed activity in all 
of the dogs. 

Uterine effects. Rats — ^No effect could be elicited on the intact rat uterus by 
PPT in subcutaneous doses ranging from 0.5-8.0 mgm./kgm. 

Rabbits — No changes were observed in the intact uterus in doses varying from 
1 to 10 mgm./kgm., given intravenously. 

Isolated guinea pig uterus — In concentrations ranging from 5 X 10“'* to 5 X 
10~- mgm./cc., the activity was increased from 1 to 4 times that of the control. 

Chronic Toxicity. The results of the chronic toxicity study are summarized 
in table 3. 


T.4BLE 2 


Spasmolytic effect of PPT in jejunum and ileum of the dog 


NO. or DOGS 

PPT 

RANGE AND AVXRAGE DURA- 
TION OF DEPRESSION (MIN.) 

AGENT USED TO INDUCE 
ACTIVITV 

j 

1 

ingm./ksnt^ 

0.2 

0 

None 

1 

0.5 

34 

None 

1 

1 

: 2.5 

(30-37) 

101 

None 

1 

0.5 

(72-130) 

40 

Pilocarpine 

1 

1.0 

58 

Pilocarpine 

3 

0.5 

(55-60) 

21 

Morphine 

3 

1.0 

(4-30) 

40 

Morphine 

1 

2.0 

(0-130) 

52 I 

Morphine 


These tests were carried out over a period of 68 da 3 rs. Slight changes in the 
blood picture of the tested animals were evidenced bj'^ an increase in the number of 
red and u'hite blood cells. 

There was slight impairment of renal and hepatic functions as evidenced by in- 
crease in blood urea and sulfobromophthalein retention. All of the animals 
showed a gradual decrease in bod.y weight and gradual anorexia accompanied by 
general weakness. Definite mydriasis was regularly shown for about 3 hours 
following the injection from the second week of administration. 

Rabbits No. 1 and No. 2 began to develop mild con^mlsions on the 44th and 
47th day, respectii'ely, and finall.v succumbed in clonic convulsions on the 46th 
and 52nd day, respectivcl.v. The third animal did not convulse until the 68th 
day when it died 2 hours after the on.set of convulsions. 

On axitopsy 2 of these animals showed gi'oss signs of congestion of the liver 
and scattered pale ischemic patches in the kidnej’^s. Microscopic examination of 
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brain, lung, liver, spleen, heart, intestine, kidney and adrenal revealed no changes 
which could have been considered as being due to direct pathologic effects of 
PPT. In the case of one rabbit, early fatty infiltration ascribable to malnourish- 
ment was observed and in another there vrere recent intra-alveolar hemorrhages 

TABLE 3 


Chronic toxicity in rabbits following the subcutaneous administration of PPT, 40 v\gm./hgm. 

given daily 



SABBtT NO. 


1 SABBIT NO. 

2 

1 XASm NO, 

3 



1 2nd 

6th 

Cob* 


6th 


2nd 

6th 


trol 

1 nk. 

\vk. 

trol 

wk. 

wk. 

trol 

wk. 

vk. 

Body Wt. (kgm.) | 

3.5 

3.8 

3.0 

4.1 

4.3 i 

2.9 

3.2 1 

BHI 

2.5 

Red Cell Count (millions).. 
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6.32 

6.27 

6.13 

6.37, 

6.84 

4.81 

6.71 

6.93 

White Cell Count (thou- 
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17.7 1 
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14.8 
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21.7 
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tention after 60 min 

17 

18 

24 


12 


20 

1 22 ■ 

27 

Blood Urea N in mgm. %.. . 

10.4 

12.0 

13.6 

1 







TABLE 4 

Untoward effects of PPT in humans 


NO. or 
SUBJECTS 

DOSE 

BOOTC 

SIDE ErrSCTS 

1 

rngm. 

2.5 

Sublingual 

Local anesthesia at site of application 

5 

6 

Sublingual 

Local anesthesia at site of application 

3 

7.5 

Sublingual 

Local anesthesia at site of application 

2 

10 

Sublingual 

Local anesthesia at site of application 

3 

10 

Oral 

No effects 

5 

15 

Oral 

No effects 

4 

20 

Oral 

No effects 

1 

20 

Sublingual 

No effects; local anesthesia at site of application 

4 

25 

Oral 

No effects 

4 

30 

Oral 

Two subjects wore drowsy 

4 

35 

Oral 

One subject was drowsy and another, 40 min. after 




administration, exhibited drowsiness, vertigo, and 
had dimness of vision and chills lasting 80 min- 
utes 


which could be explained as being due to the convulsive asphyxial type of death 
of these animals. 

Human Studies. Table 4 summarizes the results obtained in the determina- 
tion of untoward effects in the human. 
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The average age of the subjects %vas 25, ranging from 17 to 35. As indicated 
in table d, there were no appreciable effects noted until the 30 mgm. dose level 
was reached. Onlj’- one subject taking a 35 mgm. dose noted marked untoward 
effects; the first reactions noticed were dimness of vision and malar flushing 40 
minutes after the administration of PPT orally; 35 minutes later, the subject 
had chills; her hands were cold, and forehead skin temperature had dropped 
1.8° C. from the value obtained 15 minutes earlier. On standing, she com- 
plained that her legs felt “like rubber”. No significant changes were noted in 
the pulse rate, blood pressure or electrocardiogram. The same subject had 
previously taken 15 mgm. with no untoward effects. Other than the effects in- 
dicated, there were no measurable changes observed by the methods employed on 
the central and autonomic nervous systems, cardio-vascular and respiratory 
systems. 


TABLE 5 

Inhibitory effects of PPT on gastric motility 


DOSE 

ROUTE 

NO. OP SUBJECTS 

ONSET or ACTION , 

1 

DURATION OP 
ACTION 

mim. 



1 

tnm. 

min. 

5 1 

Oral 

2 


— 

10 

Oral 

2 

1 

1 

— 

25 

Oral 

1 


— 

5 

Sublingual 

1 

25 

33 

5 

Sublingual 

1 

11 

19 

10 

Sublingual 

1 

5 

62 

10 

Sublingual 

1 

7 

30 


Table 5 illustrates the effects of PPT on gastric motility. Sublingual ad- 
ministration of 5 mgm. doses resulted in an inhibition of gastric motility for 
19 and 33 minutes and 10 mgm. was spasmolytic for 30 and 62 minutes. Oral 
administration of 5, 10 and 25 mgm. doses did not inhibit gastric motility. 

Discussion. Investigations of agents which possess potent anticholinergic ac- 
tion indicate that when the desired antispasmodic effects are obtained, there will 
also be some action on effector organs other than those upon which action is 
desired. Side actions following the administration of a gastro-enteric antispas- 
modic to the normal human, may imply a host of anticholinergic effects. How- 
ever, it should be recognized that a cholinergically innervated structure which is 
in spasm or hyperactive maybe responding to a greater than normal amount of 
acetylcholine. Consequently, it would be reasonable to e.Kpect that depression 
of this type of activity would be possible without marked side effects. It is for 
this reason that most of the studies which have been conducted in this investiga- 
tion have been designed to demonstrate drug effectiveness on a spasmogenic 
background. 

PPT is apparently more effective in reducing the morphine-induced hyper- 
activity of the monkey colon than is trasentin. The preliminary experiments in 
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human volunteers indicate that PPT is effective in reducing the normal motility 
of the stomach and suggest that it deserves controlled clinical trial in diseases 
associated with hypermotility of the stomach and other portions of the gastro- 
enteric tract. 

In the monkeys used, there was no definite effect on the central nervous 
system in doses as high as 8 mgm./kgm. None of the animals exhibited notice- 
able side effects upon being released in their cages. However, it has been sug- 
gested (6) that the monkey is resistant to some of the peripheral and to the central 
nervous system effects of these anti-cholinergic compounds. 

The central nervous system effects in man were definite only in one subject 
of four at the highest dose level of 35 mgm. orally. In all probability, this dose 
approximates the level at which untoward reactions will appear, since four other 
subjects receiving the slightly lower dose of 30 mgm. did not show any effect. 

eummahy 

1. Thccardiomamlar cffeclsof PPT areasfollows: (a) In monkeys, it produces 
no changes in cardiac rate, rhythm or conduction in subcutaneous doses of 4 
mgm./kgm. (b) In dogs, it effectively abolishes the depressor effect of ace- 
tylcholine, but in doses as high as 10 mgm./kgra,, intravenously, it does not alter 
the cardiovascular response to histamine or pitressin. (c) In the normal human, 
doses ranging from 2.5 to 35 mgm. orally, did not produce any changes in blood 
pressure, cardiac rate, rhythm or conduction. 

2. Tho gaslro-enteric effects of PPT arc: (a) In monkeys, doses varying from 
0.4 to 8 mgm./kgm., subcutaneously, induced spasmolysis in tho intact colon 
rendered hyperactive by morphine, (b) In dogs, doses ranging from 1.0 to 
2.5 mgm./kgm., intravenously, induced spasmolysis of normally active and 
hyperactive ileum and jejunum, (c) In the normal human, 5 and 10 mgm. 
doses, sublingually, depressed normal gastric motility. 

3. The uterine effects of PPT are: (a) No changes were observed after in- 
travenous doses ranging from 1 to 10 mgm./kgm. in the intact, non-pregnant, 
rabbit uterus or in the intact rat uterus with subcutaneous doses of 0.5-8.0 mgm./ 
kgm. (b) Increase in activity was noted when concentrations ranging from 5 
X 10“* to 5 X 10~- mgm./cc. bathed the isolated strip of the non-pregnant 
guinea pig. 

4. Chronic toxicity: Daily administration of PPT to rabbits in doses of 40 
mgm./kgm., subcutaneously, until death (40-08 days) slightly diminished renal 
and hepatic functions and increased red and white cell counts. The latter effect 
may be correlated with a progressive anorexia, weight loss, and dehydration. 
No significant histopathologic changes were produced. 

5. General effects of PPT in the human: In doses from 2.5 to 30 mgm., there 
were no measurable changes in a two-hour observation period on central nervous, 
cardiovascular or respiratory systems. One subject, of four receiving 35 mgm., 
c.xperienced vertigo, dimming of vision and chills lasting 80 minutes. 
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Recent studios of &i5(2-chloroethyl) substituted tertiary amines have em- 
phasized their selective actions on proliferative tissues which resemble the effects 
of penetrating radiations (1). These cytotoxic actions have been used to advan- 
tage in the treatment of certain neoplastic diseases (2). The present study, 
however, concerns the acute pharmacology of methyl-5is(2-chloroethyl)amme 
(HN2) and its active transformation products. In this regard previous inves- 
tigations of Gilman and Goodman (3) and Smith (4) have shown that HN2 
has cholinergic actions, findings which were confirmed and extended by Foss and 
Gaddum (5). Evans and Foss (6) described the “ncurotoxic” effect of certain 
transformations resulting from the reactions of HN2 in water. Gilman, Good- 
man, and Philips (7) investigated the pharmacology of products formed by the 
transformation of HN2 in buffered solutions and related certain of the phar- 
macologic effects of HN2 to the occurrence of such transformations in vivo. In 
addition, Anslow, Karnovsky, Jager, and Smith (8) investigated the toxicity of 
crystalline salts of a number of the transformed products of HN2, 

Methods. Preparation of the transformed products of HN2. The principal transforma- 
tions of HN2 in dilute, slightly alkaline, aqueous solutions may be seen in the following 
series of consecutive reactions: 


CHiCHjCl 


CHiCH* 


/ +/ 

CH,— N > Cl + CH.— N + HiO 

\ \ 

CHiCHjCl CH,CH,C1 


/ 


CH,CH,OH 


H+ + CH,— N 




CH,CH,OH 


\ 


cr + CH,— N 


CH,CH,CI 


\ 


+ H,0 


CH-CH, 


CHiCHiOH 

/ 

H+ + CH,— N 

\ 

CH.CH.OH 


* The work described in this paper was done in part under contract between the Medical 
Division, Chemical Corps, U. S. Army, and Cornell University Medical College. Under 
terms of the contract, the Chemical Corps neither restricts nor is responsible for the 
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Only 3 of the principal stages in the transformation of HN2 have an appreciable existence 
in mildly alkaline solution, namely: methyl-2-chloreothyl-ethylenimonium (chlorimine), 
methyl-2-hydroxyethyl-ethylenimonium (hydroxyimine), and methyldiethanol-amine. 
The chlorhydrin formed by the hydrolysis of chlorimine undergoes rapid cyclization under 
such conditions. The cyclic chlorimine and hydroxyimine are involved, to a small extent 
in dilute solutions, in side reactions with different components of the mixture to form vari- 
ous relatively inactive pol 3 rmers. Details of the reactions described have been fully studied 
by Bergman and co-workers (9). Advantage was taken of analytic procedures devised by 
these investigators to obtain solutions which contained as active constituents either the 
chlorimine or hydroxyimine. For this purpose 0.02ilf solutions of HN2-hydroohloride“ 
were prepared in 0.16 ilf NaHCOa and maintained at 30 ± 0.1°C. for varying intervals. 
Analysis of aliquots for CI“ liberated and SjOa” uptake permitted an evaluation of the ex- 
tent of transformation at any given time. 

Solutions obtained after 20 minutes of reaction were found suitable for study of the ef- 
fects of chlorimine and showed upon analysis 2.00 molar equivalents of Cl“ liberated and 
1.86 molar equivalents of SjOa" uptake. The analytic results indicate a complete transfor- 
mation of the parent amine and the presence of chlorimine in solution in an amount equiva- 
lent to more than 90 per cent of the initial quantity of HN2-HC1. Chilling in iCe water 
prevented any further significant change in composition for at least 2 hours. Doses of 
chlorimine were calculated assuming the 20-minute reaction product to contain 1 molar 
equivalent. 

After 15.5 hours of reaction at 30°C., solutions showed no further liberation of Cl“ 
(2.87-2.91 molar equivalents). The 16.5 hour reaction product combined with 0.42 molar 
equivalents of SjOa". These results indicate the absence of components capable of cycliza- 
tion and the presence of hydroxyimine equal to about 42 per cent of the initial amount of 
HN2-HC1. Chiling in ice water rendered this product stable for hours. Doses of hydroxy- 
imine assumed the presence of 0.4 molar equivalents in such solutions. 

After 48 hours of transformation, SjOi" reactivity was reduced to 0.03 molar equivalents. 
Such solutions were used to confirm previous observations on the relative inactivity of 
methyl-diethanol-amine and the various dimers formed during the transformation of HN2. 

Analysis of transformation products. 1. Chloride analysis. Ten cc. aliquots were added 
to 5 cc. of 0.32 M acetic acid containing 5 drops of 0.1 per cent dichlorfluorescein solution. 
Titration for Cl“ was carried out rapidly with 0.1 N AgNOj. 

2. Thiosulfate uptake. Ten cc. aliquots were added to 10 cc. of 0.16 M NaHCOj and 10 
cc. of 0.1 iV NasSsOs. After reaction at room temperature for at least 2 hours, 10 cc. of 0.32 
ilf acetic acid, 1 gram KI, and 1 cc. of 1 per cent starch solution were added in turn. Thio- 
sulfate uptake was represented by the difference between the iodine (0.1 N) titer of the im- 
knowns and that of 10 cc. of 0.1 i\r SiOi“. 

Cholinesterase activity. A modification of the method of Ammon (10) was used. The 
main wells of Warburg flasks received 3.0 cc. of 1:60 homogenates of salivary glands and 0.5 
cc. of water. The side bulbs contained 0.5 cc. of 0.12 M acetylcholine bromide in 0.03 ilf 
NaHCOa. Homogenates were made in the Waring blender, the diluent being 0.03 ilf Na- 
HCOj. After gassing with 95 per cent Ni and 5 per cent CO-, temperature equilibrium was 
established at 38°C., the vessels tipped, and manometric readings taken every 10 minutes. 
A 30-minute period of constant rate was chosen to calculate activity. 

Physiological methods. 1. Blood pressure. Adult cats were anesthetized with 30 mgm./ 
kgm. of sodium pentobarbital intravenously and the carotid artery cannulated and con- 
opinions or conclusions of the authors. The investigation was also supported by research 
grants to the Sloan-Kettering Institute from the U. S. Public Health Service, National 
Institute of Health, Division of Kesearch Grants and Fellowships, and from the American 
Cancer Society. 

2 Twice recrystallized from hot acetone; analysis: N, 1.00 equivalent; total Cl, 2.97 
equivalents; total SjOs" uptake, 1.99 equivalents. 
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ncctcd to a mercury manometer. All injections were made into the femoral vein. The 
right vagus nerve was exposed for stimulation with an inductorium. 

2. Nictitating membrane. The membrane of cats was connected to an isotonic lever after 
fixation of the eyeball. The ccr\ncal sympathetic truck was exposed for stimulation. 
Injections were made into the common carotid artery after appropriate dilutions were 
made with isotonic NaCl. 

3. Salivary Jlow. Adult cats were anesthetized with 0.5 cc./kgm. of "Dial’' solution 
(Ciba) intraperitoncally. The duct to the right subraaxillary gland was cannulatcd and 
the salivary flow measured by a drop recorder. The chorda iympani was cut and there was 
no spontaneous flow. Injections were made into the right common carotid artery. In 
certain experiments the right superior cervical ganglion was removed. At the conclusion 
of these experiments the right submaxillary gland w’os removed for determination of cholin- 
cstcraso activity. 


TABLE 1 

Intravenous ioxicilij of HNB-HCl and its transformation products in rats 


DOSAGE 

HNj-na 



-iS-irornt fsod- 

DCT 

Mor- 

tality 

Time oI death 




Tune ol death 

Mot- 

lality 

Time 

of 

death 

nlloU/ 









IpH. 









0.40 







0/6 


0.16 

4/4 

2 to 4 hra. 

1 G/C 

3 to 4 hrs. 

8/8 

1 hr. 



0.08 

4/4 

1 day 

1 6/G 

1 day 

9/16 

1 1 to 3 hrs. 



0.04 

4/4 

1 to 2 days 

0/6 

1 to 5 days 

1/6 

3 hrs. 



0.02 

4/4 

3 to 5 days 

6/6 

3 to G days 

1 




0.01 

6/6 

8 to 5 days 

8/8 

3 to C days 





0.005 

6/14- 

3 to 6 days 

2/10 

4 to 5 days 





0.0025 

1/10 ' 

7 days 

0/6 







4. /Neuromuscular function. Isometric recording of the contractions of the intact cat 
gastrocnemius-soleus preparation was made using a holder described by Wolff and Cattell 
(U). The tendon was wired to a heavy torsion lever, the popliteal artery exposed 
for injections, and the sciatic nerve cut and its distal end placed in enclosed silver elec- 
trodes. Supra-maxiraal nerve shocks were delivered by an interrupter from a 1 mfd con- 
denser. The condenser charge was varied by a potentiometer circuit connected to a 45 
volt batterj'. The frequency of stimulation was 1 per 12 seconds. 

Results. Toxicity in rats. The intravenous toxicity of HN2 and its trans- 
formed products was studied in Wistar rats weighing 100 to 250 grams. The 
toxicity and the survival times following administration of HN2 and its chlori- 
mine were similar, (table 1). Doses less than 0.02 mM./kgm. caused delayed 
deaths while larger doses killed within 2 to 4 hours and were associated with a 
progressive muscular paralysis and terminal convulsive seizures. There was 
little difference in the appearance of rats receiving HN2 -HCl and the chlorimiue 
except that the latter sometimes produced a transient prostration immediately 
following the injection. 

The hydroxyimine was less toxic but survival times followng lethal doses w'ere 
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shorter than those following equivalent doses of EnS!'2-HCl or its chlorimine. 
This is in agreement nuth the studies of Boyland (12) who found that reduction in 
survival time of mice was related to the extent of hydrolysis of HN2. Rats which 
received the hydroxyimine in doses of 0.04 mM./kgm. or greater presented a 
progressive muscular paralysis which although more rapid in onset, was simOar 
to that seen following HN2 or the chlorimine. Delayed deaths did not occur 
in animals receiving hydroxyimine. The 48 hour-product was relatively non- 
toxic and caused no deaths at 0.40 mM./kgm. 

TABLE 2 


Intravenous toxicity of HN2-ffCl and its transformation products in cats 


DRUG 

DOSE 

MOR- 

TALITY 

TIME OP DEATH 

FLACCID 

PARALYSIS 

PARALYSIS 

+ 

INCOORDI- 

NATION 

REMARES 


mlf.fkgm. 






HN2-HC1 

.08 

1/1 

<18 hr. 

0 

+++ 



.04 

1/1 

<18 hr. 

0 

+++ 



.02 

3/3 

Id, 2d, 3d 

0 

+ - 



.01 

0/3 


0 

0 

2 showed wt. loss 


.005 

0/4 


0 

0 

no signs 


.0025 

0/2 


0 

0 

no signs 

Chlorimine 

.02 

3/3 

15 min. 







18 hr. 

-1-1-+ 

+++ 



.01 

3/3 

<18 hr. 

+-f* 




.005 

3/4 

Id, 6d, 14d* 

0 

+ - 



.0025 

0/2 


0 

0 

no signs 

Hydroxyimine 

.02 

3/3 

31-50 min. 

0 

H — 1 — l- 



.01 

3/3 

43-86 min. 

0 




.005 

3/4 

55-75 min. 

0 

+++ 



.0025 

2/6 

43-48 min. 

0 

+4-+ 



.00125 

0/2 


0 

^ — \~ 

recovery 


* Sacrificed. 


The results of the present study of the toxicity of HN2 and its transformations 
is in general agreement with the findings of Anslow, Karnovsky, Jager and Smith 
(8) who employed the corresponding crystalline salts. 

Toxicity in cats. 1. HN2-HCI. The lowest intravenous dose of HN2-HC1 
which caused immediate effects in intact animals was 0.02 mM./kgm. (table 2). 
Within 10 minutes after such doses there appeared licking, retching, vomiting, 
salivation, and frequent, loose stools. Larger doses produced the above signs 
more rapidly and, in addition, a characteristic neurological disturbance which 
began mthin 20 to 30 minutes. Initially the disturbance was indicated by an 
inability to support the head; tliis was followed by a progressive paralysis of 
the entire somatic musculature. The advancing paralysis was associated with 
gross incoordination, asynergia, kinetic tremor, and dilated pupils which re- 
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sponded sluggishly to light. Coincidently there occurred profuse and sustained 
salivation. The paralysis became maximal within 1 to 2 hours after adminis- 
tration and, thereafter, the animal was prostrate malring only abortive move- 
ments. ICnee-jorks remained active throughout paralysis and no signs of mus- 
cular fasciculation or specific disturbance of the placing or righting reflexes was 
evident. Cats recemng 0.02 mM./kgm. were not paralyzed and succumbed 
after several days, following progressive Aveight loss. Convulsions AA-ere noted in 
only 1 cat on the day after administration of 0.02 mM./kgm. 

2. Chlorimme. Chlorimine produced effects differing from those of HN2 • HCl 
only insofar as its intraA-enous administration in doses of 0.01 mM./kgm. or more 
AA'as folIoAA-ed immediately by complete paralysis. During the resulting prostra- 
tion the skeletal musculature ivas flaccid and shoiA'ed Avidespread fasciculations. 
Attending the initial paralysis Avas a brief period of salivation, pupillaiy dilata- 
tion, and bradycardia. Although respiration Avas stimulated during injection of 
the chlorimine larger doses Avere followed promptly by fatal respiratory paralysis. 
Cats surviving acute effects recovered rapidly and lA-ithin 6 to 10 minutes walked 
about in apparently normal fashion. 

Subsequently, at approximately 15 minutes after injection of 0.02 mM./kgm. 
or more of the chlorimine, there developed a second paralysis duplicating in 
detail that seen after injection of the hydrochloride salt. Inability to support 
the head was folloAved by ataxia, incoordination, asynergia, some hypermetria, 
and a progressiA'O muscular AA’eakness AA-hich reached a maximum in about 30 
minutes. The delayed paralysis AA’as associated AA-ith copious and prolonged 
salivation and pupillary dilatation. Although improA-ement of the neurological 
disturbance occurred, animals succumbed AAdthin 18 hours. 

The effects of chlorimine differed from those of HN2 ■ HCl principally in regard 
to the production by the former agent of two clearly separable paralytic dis- 
turbances. The chlorimine also caused less retching, vomiting, loose stools, 
blepharospasm, and ear flicking. 

3. Hydroxyuninc. Within a feAV minutes after the injection of hydroxyimine 
cats exhibited a neurologic disturbance Avhich resembled in all respects the 
delayed paralysis and incoordination follnAA-ing HN2-HC1 or its chlorimine. 
HoAA’ever, severe paralysis folloAA'ed doses as small as 0.0025 mM./kgm. and con- 
sequently the agent proved to be more toxic than either HN2 or chlorimine. 
Ma.ximal paralysis was obtained from 30 to 40 minutes after administration and 
was often associated Avith respiratory arrest. No skeletal muscle fasciculations 
were noted and saliA’ation AA’as scant in contrast to the copious floAv AA'hich fol- 
lowed HN2 • HCl or its chlorimine. Such animals Avere similar in appearance to 
those reported by Kvans and Foss (6) after administration of a 24-hour, unbuf- 
fered, aqueous hydrolysate of HN2. These investigators in comparisons of the 
hydrolysate in monkeys, guinea pigs, rats, goats, dogs, cats and a horse found 
the cat to be most sensitive to its effects while the rat and guinea pig were rela- 
tively resistant. The hydrolysate consisted in large part of the chlorhydrin of 
HN2, the effects of Avhich may be attributed to conversion in vivo to the hy- 
droxyimine form. 
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Administration of hydroxyimine to cats also caused frequent, loose stools 
for several hours after injection. Cats which survived the paralytic effect of 
the hydroxyimine appeared normal on the following day and delayed deaths 
were not observed. 

It is interesting to compare the acute actions of HN2 and its transformation ’ 
products in cats with those noted by Gilman, Goodman, and Philips (7, 13). 
These workers observed parasympathomimetic effects in rabbits within 5 to 10 
minutes after the injection of HN2-HC1 which included salivation, defecation, 
lachrymation, bronchorrhea, and miosis. In addition skeletal muscle tremors 
and a rise in blood pressure followed intravenous administration in the atro- 
pinized cat. Such actions were attributed to muscarinic and nicotinic proper- 
ties of HN2. It was also noted that chlorimine in rabbits was at least as toxic 
as the parent compound, evoked parasympathomimetic effects, caused im- 
mediate, transient, unexplained prostration, and produced delayed paralysis. 



Fig. 1. Carotid blood pressure of cat. A — ^Vagal stimulation 5 sec., 11:39. B — Acetyl- 
choline, 0.1 ^gm./kgm., i.v., 11:43. C — ^HN2-HCl,0.01 mM./kgm.,i.v., 11:49. D — Acetyl- 
choline, 0.1 ^gm./kgm., i.v., 11:54. E — Vagal stimulation, 5 sec., 11:59. Time interval 10 
seconds. 

Hydroxyimine was found to be less toxic than HN2 • HCI and less cholinergic 
than the chlorimine but was strongly paralytic. Large doses of HN2 • HCI were 
shmvn to be convulsant in rabbits, an action not evoked by equivalent doses of 
chlorimine or hydroxyimine. 

The present study is in agreement with the results obtained in the earlier 
observations mentioned above. However, in the cat miosis did not follow in- 
travenous administration of HN2 or its transformed products and muscular 
fasciculations were evident only after injection of chlorimine. The coarse tremor 
which accompanied the delayed paralysis and incoordination involved whole 
muscle groups and was probably central in origin. 

Effects on blood pressure. 1. HN2-HCI. Goodman and Gilman (3) and Foss 
and Gaddum (5) found that HN2-HC1 caused a fall in blood pressure following 
intravenous administration, an action which was abolished by atropine and 
replaced by a rise after larger doses. Both groups considered HN2 to have 
muscarinic and nicotinic effects upon the circulation. 

Figure 1 shows the fall in blood pressure following 0.01 mM./kgm. of HN2 - HCI 
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intravenously. The responses to vagal stimulation and to injected acetylcholine 
were not significantly altered by this dose. Larger amounts (0.02 mAI./Ugm.) 
abolished the circulatory response to vagal stimulation but had no significant 
effect on responses to injected acetylcholine or epinephrine. The vagal blocking 
action of HN2 is less striking than that of (ris 2-chloroethyl amine (14). No 
tachyphylaxis became evident after repeated doses of HN2. 

2. ChJorhnine. AlHicn given intravenously chlorimine caused responses similar 
to those following HN2*HCl but proved to be more potent than the parent 
amine. Thus 0.002 niM./kgm. was depressor while 0.01 mj\I./kgm. caused 
pressor responses without the prior administration of atropine. Figure 2 shows 



Fig. 2. Carotid blood pressure of spinal cat. Tr.mscction C 6-7. Received atropine, 2 
inf?m./kgm., i.v. A— Chlorimine, 001 mM./kpm., i.v., 11:05; Dibenamine HCl, 10 
rngm/Ugm., i.v., 11:23. D — Chlorimine, 0.01 mM./kgm., i.v., 11:40. Time interval 10 
seconds. 


a rise in blood pressure following the intravenous injection of 0.01 mM./kgm. of 
chlorimine in a cat which after a spinal transection at C 6-7 had received 2 mgm./ 
kgm. of atropine. The administration of dibenamine, an adrenergic blocking 
agent (15), abolished the pressor response. In view of these results and the fact 
that respiration was not depressed, the vasopressor action can be attributed to 
stimulation of sympathetic ganglia. 

Large doses of chlorimine abolished the circulatory response to vagal stimula- 
tion. The agent also elicited transient bradycardia and varying degrees of 
heart-block as noted in electrocardiographic recordings. The cardiac effects 
were prevented by prior administration of atropine. 

3. Hydroxijimine. Intravenous injection of hydroxyimine caused cholinergic 
effects which resembled those elicited hy HN2 or chlorimine. However, larger 
doses were required for a given response. Doses of 0.02 mM./ligm. were depres- 
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sor in the absence of atropine but elevated blood pressure in cats previously 
treated with atropine (figure 3). 

Niciilaiing membrane. Since the pressor effects of HN2, chlorimine, and 
hydroxyimine indicated stimulation of sympathetic ganglia by these agents, 
experiments were performed using responses of the cat nictitating membrane to 



Fig. 3. Carotid blood pressure of cat. A— Hydro.vyimine, 0.02 mM./kgm., i.v., 3:23, ■ 
Atropine sulfate, 2 mgm./kgm , i.v., 3:57. B — Hydroximinc, 0.02 mM./kgm., i.v., 4:00. 
Time interval 10 seconds. 



A B 

Fig. 4. Isotonic recording of nictitating membrane of cat. Received atropine, I 
mgm./kgm. A — Chlorimine, 0.02 mM./kgm., injected into common carotid artery of same 
side. B — Stimulation of cervical sjunpathetic trunk 2 minutes after A. 

test their actions on the superior cervical ganglion. Figure 4 shows the con- 
traction of the membrane resulting from injection of chlorimine in the common 
carotid artery. Crushing the superior cervical ganglion abolished this response. 
No ganglionic blocking effect of chlorimine was evident as judged by equal 
responses to preganglionic stimulation before and immediatelj' after administra- 
tion. While the effects of hydroxyimine were similar in this system, it proved to 
be less potent than chlorimine. 
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Effects on salivation. Intravenous administration of IIN2 or clilorimine in 
unancsthetized cats caused an immediate salivation of brief duration followed 
after an interval of 10 to 15 minutes by a second period of copious and prolonged 
flow. In 1943 Foss and Gaddum (5) noted protracted salivation following intra- 
venous injection of HN2. They also reported the prevention of this response by 
the prior administration of atropine and the fact that salivation could not be 
arrested, once initiated, by subsequent administration of atropine. 

To investigate this action, further experiments were performed on cats in 
whicli the duct of the submaxillary gland wascannulated. Intra-arterial injcc- 


TOTAL 

DROPS 

SALIVA 



Fig. 5. SaUv.ary flow from right submaxillary gland of cat. Right superior cervical 
ganglion removed. At 0 time 0.02 mM./kgm. of clilorimine injected into rt. common 
carotid artery. Note that there was no flow between 3 and 17 minutes after injection. 
Insert shows typical response to the intra-carotid injection of 10;igm./kgm. of acetylcholine. 


tion of HN2 evoked a unique and discontinuous response (figure 5). An im- 
mediate secretion of saliva was followed by a period of about 5 minutes during 
which there was no flow. At the end of the inactive period salivation was 
resumed and gradually attained a maximal rate at which it continued for hours. 
Salivary stimulation was, therefore, separable into two distinct phases the first of 
which resembled responses to injection of acetylcholine. When atropine was 
administered prior to HN2 or chlorimine, salivation was completely prevented. 
However, when atropine (2 mgm./kgm.) was given by intracarotid injection 
after the initial appearance of salivation, even as early as in the interim between 
the two phases of salivation, it failed to alter the delayed response. 

Although IiN2, in high concentrations, has been shown to inhibit cholines- 
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terase m vitro (16, 17), this not the mechanism responsible for the protracted 
salivary stimulation. The siibmaxillary glands used in these e.xperiraents were 
tested for cliolinesterase activit}'^ after the administration of HN2 and its trans- 
formed products in vivo. The mean activity of 17 experimental glands (102.5 
emm. COa/SO minutes) did not differ significantly from the controls (108.4 
emm. COj/SO minutes). Furthermore, atropine counteracts salivary response 
to anti-cholinesterase agents irrespective of the order in, which it is given in 
contrast to the fact that it is ineffective when administered after HN2 or its 
chlorimine. 

The unique action of HN2 and chlorimine on the salivary gland suggested the 
possibility that chemical alterations were involved in the diphasic response. 
Vaiying doses of the hydroxyimine were, therefore, injected in an attempt to 
reduplicate the prolonged salivary flow which followed HN2 or chlorimine. 
However, the response to hydro.xyimine consisted only of a brief burst of saliva- 



Fio. 6. Isometric recording of cat gastrocnc.-nius-soleus preparation. Stimulation of 
sciatic nerve with ma.viniai condensor discharges at frequency 1/12 .seconds. At arrow 
intravenous injection of 0.02 mM./kgm. of chlorimine. 

tion. Sustained flow was never observed. This response was also prevented 
by atropine. 

Since HN2 and its transformed products caused stimulation of sympathetic 
ganglia, the possibility remained that at least some of the effects upon the 
salivary gland might be mediated through this mechanism. However, removal 
of the ipsilateral superior cervical ganglion did not alter the response of the sub- 
maxillary gland to HN2. 

Paralytic effects. 1. Chlorimine. In order to investigate further the acute 
paralysis caused by clilorimine, experiments were performed on intact gas- 
trocnemius-soleus preparations of the cat. Figure G is an example of the de- 
pressed response to maximal motor nerve stimuli which followed 0.02 mx\I./kgm. 
intravenously. Rapid recovery ensued and, thereafter, the contractile response 
remained normal for hours. During the period of severe depression of the 
response to indirect stimulation, the muscle still responded well to direct stimula- 
tion. At the same time the contractile response to close intra-arterial injection 
of acetylcholine was abolished. Recovery of responses to both aeetjdcholine 
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and motor nerve stimulation occurred simultaneously. When chlorimine was 
injected intraarterially, repetitive, asjmchronous contractions could be demon- 
strated for 1 to 2 minutes before depression of the responses to indirect stimula- 
tion ensued. 

While the transient depression of contraction can be related to the immediate 
prostration noted in intact cats receiving chlorimine, there was no effect upon 
the nerve-muscle preparation which could account for the delayed paralysis 
which follows the administration of either HN2 or chlorimine in intact animals. 
The above results are in accord with those of Broum (18) "who noted a block in 
neuromuscular transmission in the frog nerve-sartorius preparation following 
exposure to HN2 or chlorimine. It is probable that the neuromuscular block 
which he observed following exposure to HN2 was due to its transformation to 
chlorimine in the organ bath. In the intact cat HN2*HC1 failed to produce an 
immediate paralysis even following large doses. This may be ascribed to the 
failure of chlorimine formed in vivo from HN2 to attain paralytic concentrations 
in the circulation. 

2. Hydroxyiminc. In contrast to the immediate effect of chlorimine, even 
massive doses of hydroxyimine, given intravenously or intra-arterially, caused no 
depression of responses to maximal single motor nerve shocks or to tetanizing 
currents (frequency 60/sec.) of maximal intensity. Evans and Foss (6) noted 
that 24-hour unbuffered aqueous hydrolysates of HN2, which cause a paralytic 
disorder similar to that produced by hydroxyimine, had no effect on the contrac- 
tion of the cat quadriceps following stimulation of the femoral nerve when 
intravenous doses as large as 40 mgm./kgm. had been given. In contrast, 
0.5 mgm./kgm, caused definite paralysis in the intact animal. These investiga- 
tors also found that 24-hour hydrolysates failed to depress spinal reflexes as 
judged by knee-jerks mechanically recorded in spinal cats. They did, however, 
note some decrease in the rigidity of decerebrate cats follo\ving administration of 
this agent. While the site and nature of the effect of hydroxyimine remains 
obscure, the paralysis is clearly not due to an action either at the neuromuscular 
junction or in the contractile mechanism of muscle. 

Intestinal moliliiy. HN2, chlorimine, and hydroxyimine caused stimulation 
of the isolated rabbit and guinea pig duodenum. The responses were prevented 
by adequate concentrations of atropine. Similar findings were reported by 
Foss and Gaddum (5) with rabbit duodenum and afford further evidence of the 
cholinergic effects of HN2 and its transformations. However, in the intact 
animal atropine had little effect on the diarrhea resultant from HN2 administra- 
tion (5). 

Discussion. Several groups of investigators have related the biological effects 
of nitrogen mustards to their loiown chemical transformations, (7, 8). HN2, 
as the prototype of this group of compounds may be considered to owe its varied 
and multiphasic pharmacologic effects to the production of a succession of such 
transformed products in vivo^ 

The acute pharmacology of HN2 is characterized by the cholinergic actions 
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of its two cyclic imonium transformation products and by a neurologic disorder 
produced by the latter of these products. Thus, the effects of the chlorimine of 
HN2 are manifested by cholinergic effectors of the autonomic nervous system, 
sympathetic ganglia, and skeletal muscle. In these loci the resultant stimulation 
or depression is a transient phenomenon, resembling the effects produced by 
certain choline esters. There is no evidence in the intact animal relating cholin- 
ergic actions to inhibition of cholinesterase. As noted by Foss and Gaddum 
(5) and confirmed in the present study, HN2 does not sensitize the animals to 
the circulatory effects of acetylcholine. However, Foss and Gaddum did find 
that doses of HN2, insufficient to stimulate the frog rectus preparation, sensi- 
tized the muscle to subsequent application of acetylcholine, an effect which 
they attributed to an eserine-like action. Nevertheless, the present study failed 
to reveal an inhibition of cholinesterase in submaxillary tissue of animals which 
had received doses of either HN2 or chlorimine sufficient to cause prolonged 
salivation. Furthermore, Feldberg (19) noted that concentrations of HN2 suf- 
ficient to reduce cholinesterase activity had an equally depressant effect upon 
acetylcholine synthesis. 

As a cholinergic agent chlorimine is unique in causing a diphasic response of 
salivary tissue and in the failure of atropine to abolish salivation, once initiated. 
In contrast to other cholinergic effectors, salivary gland shows a strong affinity 
for chlorimine which could be conceived to undergo chemical transformation at 
this site and so evoke the secondary phase of salivary secretion. The latency 
between completion of the initial secretory response and initiation of the delayed 
phase might be due to the time required for such transformation to occur in vivo. 
The fact that the second response occurs coincidently with the onset of the de- 
layed neurologic disorder in intact cats suggests this possibility. However, 
since protracted salivation cannot be duplicated by injection of hydroxyimine, 
;t is difficult to eliminate the alternative possibility that the secondary phase of 
salivary stimulation represents a delayed response to an interaction with certain 
receptors which occurs at the time of the initial stimulation. In either case, the 
fact that prior administration of atropine prevents salivary response to chlori- 
mine, suggests that the effects of the agent can be attributed to interactions 
with cholinergic receptors. However, it should be noted that Foss and Gaddum 
(5) attribute the delayed salivary response to a direct action of HN2 on glandular 
cells not mediated through receptor mechanisms. Obviously the mechanism of 
action of HN2 or chlorimine in salivary gland is obscure and warrants further 
study. 

The paralytic actions of chlorimine also consist of an initial and a delayed 
phase. The former is clearlj’’ due to an action upon the neuromuscular junction, 
possibly related to the quartemary onium structure of chlorimine, while the 
latter is part of a complex neurologic disorder which is central in action. Thus, 
the two paralsdic responses to chlorimine are related to different sites of action. 
Although the delayed neurologic disorder has not been localized, it may be 
defined as a disturbance of the motor system manifested by incoordination. 



ACUTE PHAmrACOLOGY OF HN2 


143 


asynergia, progressive muscular weakness with loss of postural tone, and without 
apparent involvement of the vestibulo-ccrebellar system or of the spinal reflex 
arc. Since animals which survive severe paralysis are normal on the following 
day, the disorder is probably functional rather than due to anatomic lesions. 

The delayed neurological abnormality which follows large doses of HN2 or 
chlorimine in the cat may be attributed to the production in vivo of hydroxyimine 
for the following reasons: 1, it is manifested by administration of smaller doses 
of hydroxyimine than of HN2 orchlorimine,2, a latency exists between adminis- 
tration of HN2*HC1 or chlorimine and the production of the syndrome which 
may be explained by the time required for transformation to occur in vivo, and 3, 
the latent period before onset of the neurological disorder is significantly reduced 
by administration of hydroxyimine. The greater potency of hydroxyimine in 
producing the disturbance may be explained by assuming that only a fraction of 
injected HN2*HC1 or chlorimine is transformed to circulating hydroxyimine. 
The neurological derangement is the most striking action of hydroxyimine and is 
probably its only significant contribution to the pharmacologic effects of even 
large amounts of HN2*HCl in the intact animal. It is interesting to note a 
marked species difference between the cat and rat in susceptibility to this action. 

SURtMARY 

1. The acute pharmacology of methyl-Ws(2-chloroethyl)amine (HN2) has 
been investigated in rats and cats. A standard procedure for transformation of 
HN2 was adopted which permitted the analysis of the effects of raethyI-2- 
chloroethyl-ethylenimonium (chlorimine), and methyl-2-hydroxyethyl- 
ethylenimonium (hydroxyimine). The toxicity of these products by intravenous 
administration has been compared in cats and rats. 

2. The chlorimine of HN2 possesses striking cholinergic properties on effectors 
of the autonomic nervous system, sympathetic ganglia, and striated muscle. 
It has a unique action upon the salivary gland producing a diphasic response 
which is prevented by the prior administration of atropine but which is not 
altered when atropine is given after secretion has begun. 

3. The hydroxyimine of HN2 is a less potent cholinergic agent and its principal 
effect is in the production of a neurologic disorder characterized by ataxia, 
incoordination, tremors, and muscular weakness. 
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Information concerning the amount of nicotine in the blood of smokers is 
necessary for a studj" of the metabolism of this alkaloid in man. Quantitative 
data are available on nicotine absorbed from cigarette smoke in the respiratory 
tract (1). The quantity of nicotine excreted in the urine has been determined 
for smokers (2, 3). Other investigators have reported nicotine levels in milk 
from lactating women who smoked cigarettes (4, 5). Preliminary observations 
on nicotine levels in blood during smoking, reported elsewhere (C) have been 
repeated with a more trustworthy analytical method (7). The new data pre- 
sented in this paper show that relatively little nicotine is present in the blood 
even after long periods of heavy smoking. 

Experimental, All subjects in this study were healthy adults between the ages of 
twenty and thirty years, who, except for the slight inhaler group, habitually smoked 
twenty or more cigarettes daily. In order to keep the analytical "blank” (7) at a minimum 
value, the subject abstained from fish and from foods or beverages rich in purines for two 
days preceding the test. The subject smoked freely until late evening of the day pre- 
ceding the test. On the morning of the test the initial blood sample was drawn by veni- 
puncture before smoking began. During the next seven hours the subject smoked twenty 
standard brand cigarettes, about tw*o4hirds of each cigarette being smoked during a ten- 
minute period. Subjects were classified as deep, moderate, and slight inhalers. Cigars 
were smoked in one experiment and a pipe in another for a comparison with cigarettes. 

Nicotine analyses (7). A distillate from alkalinizcd trichloroacetic acid filtrate of blood 
was treated with cyanogen bromide-beta naphthylamine reagents for estimating nicotine. 
The resulting color due to nicotine plus "blank material” was read in the spectropho- 
tometer. A second aliquot of blood filtrate was treated with an activated carbon which 
selectively removed the nicotine. The distillate from this aliquot gave the amount of 
"blank material”, and the difference between the two values was calculated as nicotine. 

The range of nicotine levels in the blood before and after smoldng cigarettes 
is shown for fifteen subjects in table 1. Two striking results are noted. The 
initial blood sample from each subject contained some nicotine or a nicotine-like 
stibstance eight to ten hours after the last cigarette. Secondly, the nicotine level 
in the blood shows only a slight increase, from 0 to 0.13 mgm./l., over a seven- 
hour period of heavy smoking. These data cannot be treated by statistical 
methods because of the small number of subjects in each group and the large 
overlap of nicotine values. However, there appears to be a significant differ- 
ence between the deep inhalers and slight inhalers. The former show an aver- 

* A preliminary report of this study was made before the American Society of Pharma- 
cology and Experimental Therapeutics, Chicago Meeting, May, 1947. 

This study was made possible by a grant from the Medical Relations Division, William 
Esty and Co., Inc., New York, N. Y. 
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age initial concentration of 0.20 mgm./l. of nicotine or nicotine-like substances, 
while the latter average 0.05 mgm./l. The deep inhalers tend to show a larger 
increase in blood nicotine on smoking than do the slight inhalers. 


TABLE 1 


Nicotine levels in blood 


SUBJECT 

KICOTIKE IN BLOOD (xIGN./lO 

Before smoking 

After smoking 

Increase 

1 (D)* 

0.12 

0.25 

0.13 

2 (D) 

0.16 

0.18 

0.02 

3 (D) 

0.35 

0.43 

0.08 

4 (D) 

0.18 

0.26 

0.08 

5 (M)t 

0.16 

0.16 

0 

6 (M) 

0.04 

0.06 

0.02 

7 (M) 

0.10 

0.14 

0.04 

8 (M) 

0.14 

0.18 

0.04 

9 (M) 

0.19 

0.21 

0.02 

10 (M) 

0.12 

0.12 

0 

11 (M) 

0.08 

0.13 

0.05 

12 (M) 

0.07 

0.08 

0.01 

13 (S)t 

0.06 

0.13 

0.07 

14 (S) 

0.07 

0.08 

0.01 

15 (S) 

0.02 

0.07 

0.05 


* D— Deep inhalation, 
t M — Moderate inhalation. 
} S — Slight inhalation. 


TABLE 2 

Nicotine levels in blood 


SUBJECT 

NICOTINE IN BLOOD (UCil./L.) 

Before smoking 

j After smoking 

1 Increase 

4* 




16* 

0.12 j 



17t 




19t 

t 0 

0.02 

0.02 

20t 

0 

0.09 

0.09 

21t 

0 

0 

0 

13t 

0 

0.05 

0.05 


* Pipe smoked, 
t Cigar smoked. 


Nicotine levels in blood before and after seven hours of pipe or cigar smoking 
are shown in table 2. These subjects were cigarette smokers who changed to a 
pipe or to cigars for the test. Each subject tried to make his smoking vuth the 
pipe or cigar equivalent to smoking one pack of cigarettes in the same period. 
Although strict quantitative comparisons are not justified, it may be noted that 
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all tho nieotine levels in this group fall in the same range found with cigarette 
smokers. One subject, No. 4, showed a blood nicotine increase of 0.08 mgm./l. 
on smoking cigarettes and 0.05 on smoking a pipe. Another subject, No. 13, a 
slight inhaler, showed a rise of 0.07 mgm./l. with cigarettes and 0.05 mgm./l. 
with cigars. These results suggest that blood nicotine levels show similar rises 
under the same conditions of smoking the same subject whether a cigarette, 
cigar, or pipe is smoked. 

In an attempt to identify the material estimated as nicotine, filtrates from 
blood of smokers were concentrated bj- distillation and the final solution tested 


CAT 2-9 

Sodium 


Kgn, CAROTID g p 
P^A/TOTHAL ' 



0.55 TTij pure — SO 

/VteQfiTie 






O.Sd rn^ € 

S Blood 


Fig. 1. Efkuct on Bt.ooD PnEssenE nv PunE Nicotine and by Nicotine Isolated tro-m 
Smokers’ Blood 


for its effect on the blood pressure of a cat.- The final concentrate, which repre> 
seated nearly three liters of blood, was adjusted to pH 7.3 with hydrochloric 
acid before injection. The blood pressure tracings, shown in fig. 1, were made 
with a mercury manometer in the carotid arterj” of a cat anesthetised with so- 
dium pcntothal. With the injection of 0.58 mgm. of pure nicotine in saline so- 
lution, the blood pressure showed a small rise, a small drop, and a sudden rise of 
80 mm. merciuy pressure, then a return to normal in about three min- 
utes. When 0.58 mgm. nicotine isolated from the blood of smokers was injected 
into the same cat, the blood pressure showed essentially the same changes as 
with the pure nicotine, an initial rise, a small drop, and a sharp rise of 84 mm. 
in pressure. This result indicate.s that nicotine from smokers blood shows both 

* Test m:\tlo by Mr. Russell Ibirncs. 
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a qualitative and quantitative effect on blood pressure identical to that shown 
by pure nicotine. 

Comments. All the data presented here suggest a rather efficient mechani,sm 
for disposing of nicotine absorbed from tobacco smoke. It may be assumed that 
some GO mgm. of nicotine is absorbed from the smoke of twenty cigarettes (1). 
Were this quantity of alkaloid equall3" distributed through all water in the body, 
its concentration would be 1 .0 to 1 .5 mgm./l. for subjects used in this studjL 
Were the entire dose of nicotine retained in the blood stream, its concentration 
would exceed 10 mgm./l. The concentration of nicotine actually determined in 
blood at the end of the smoking pei'iod averaged 0.14 mgm./l. foj- twenty sub- 
jects. In view of the fact that nicotine appears to be freelj’’ diffusible across 
body membranes, we accept blood levels as an indication of the quantity of nic- 
otine present in extra vascular fluids oi' tissues. We may conclude that SO to 95 
per cent of the nicotine absorbed from smoke is metabolized during the period 
of smoking. A similar conclusion has been reached from studies on renal ex- 
cretion of nicotine bj' smokers (2, 3). 

The presence of nicotine in the initial blood sample drawn at the end of a 
period of eight or ten hours without smoking suggests that trace amounts of the 
alkaloid are metabolized or excreted very slow!}'. In contrast, there appears to 
be a much more rajiid rate of metabolism with the larger doses of nicotine ab- 
sorbed during smoking. 


SOMMAKY 

Nicotine levels in the blood of smokers have lieen determined by a chemical 
method. Subjects who inhale deepty tend to show higher concentrations than 
do slight inhalers. Nicotine isolated from smokers’ blood gave the expected 
effect on the blood pressure of a cat. 
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DIATROPINE DERIVATTODS AS PROOF THAT d-TUBOCURARINE IS 
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Measurements on atomic models of acetylcholine and other drugs with specific 
muscarinic action have shown that these agents contain two or three oxygen pros- 
thetic groups’ at a distance of 5 to 9 A from one or more methyl on nitrogen pros- 
thetic groups (I). Drugs which block the action of acetylcholine contain in 
addition to these prosthetic groups blocking or neutralizing moieties such as one 
or more butyl, or benzyl groups, or a benzohydryl group. Atropine is an ex- 
tremely potent blocking agent for acetylcholine insofar as muscarinic effects are 
concerned. Its potency in blocking nicotinic effects of acetylcholine (on au- 
tonomic ganglia and on skeletal muscle) is extremely low. In contrast, d- 
tubocurarine blocks effectively the action of acetylcholine and other nicotinic 
agents on the skeletal muscle while it exerts little effect on autonomic ganglia, 
smooth muscle, or glandular cells. In an attempt to correlate spatial relation- 
ship of prosthetic groups to drug action, it was of interest to obtain inter-atomic 
measurements for the active groups of d-tubocurarine. 

Using Hirschfelder atomic models the distance between the methyl on ring 
nitrogen and the three oxygen groups on the same hydrogenated quinoline ring 
of d-tubocurarine is within a radius of 6 to 9 A (this is in accord rvith the linear 
measurements between the prosthetic groups of acetylcholine). The two groups 
of oxygen atoms in d-tubocurarino average 9 A in their distance from each other 
and the nitrogens are 13 to 15 A apart. d-Tubocurarine, thus, resembles atropine 
in the “umbrella-structure” and the spatial arrangement of three oxygen groups 
to methyl on nitrogen. It differs from atropine in that it contains twin rows of 
these prosthetic groups instead of a single row. Hence, it would appear that 
the arrangement of twin rows of prosthetic groups is an important factor in 
endowing the molecule with its specific action on the neuromyal junction. 

This hypothesis has been tested by a study of atropine and atropine-like 
homologues which have been joined together by a chain of approximately 9 A in 
length such as is provided by the normal amyl chain (Bovet el al. have shown that 
such amyl diethers have curare action [2]). In making amyl bis molecules of 
atropine and the quaternary salt of atropine two derivatives have been con- 
sidered: 1) the dimethiodide of the amyl diether of atropine where two atropine 
molecules are joined through the tropic acid hydroxyl groups, and 2) the amyl 
di-quaternary compounds synthesized by connecting two atropine mole- 

^ Roche Fellow in Pharmacology. ■ ' ' 

» In acetylcholine, a methyl on carbon prosthetic group substitutes for the third oxygen 
prosthetic group while in neostigmine methyl on nitrogen substitutes for the third oxygen. 
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cules through the tertiary nitrogen with pentamethylene di-iodide (figure 1). 
Through the unfailing energies of Dr. L. C. Cheney of Bristol Laboratories we 
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O-Amyl-O-Diatropine Dimethiodide 



N-Amyl-N-Diatropine Dimethiodide 
Fig. 1. Stbuctubal Pobmulae of Diatbopines 


have been provided ndth these two compounds and similar “alkyl-bis” deriv- 
atives of other compounds vdth atropine-like activity. These are now being 
studied intensively for their possible practical value. Dibenadryl N-Amyl-N 
di -iodide was synthesized by Dr. G. Rieveschl, Jr., of Parke, Davis and Company. 
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The dibenadryl derivative was included because of the known atropine-like ac- 
tion of diphenhydramine (Benadryl) (3). That the findings are distinctly in 
accord with this hypothesis is shown by the data in table 1. 

The compounds were studied for curaredtke activity by standardized methods (4). 
The presence of block at the neurorayal junction was determined by muscular and sciatic 
nerve faradization in frogs following lymph sac injection. The lethal dose in frogs was 


TABLE 1 

Relative curarc-like effect of atropine ond diatropine derivatives 

I.L. 

De&th 

1000 

>200 

so 

200 

20 

>10 

* All doses arc in mgm./kgra. 

t This dose causes head drop followed by lethal convulsions. 


COUPOUNO 

Atropine sul- 
fate 

Atropine 

Methyl 

Nitrate 

(Eumy- 

drin) 

Dibenadryl 
N-Amyl- 
N Diio- 
dide 

Diatropine 
N-Amyl- 
N Diio- 
dide 

Diatropinc 

O-Amyl-0 

Dimethio- 

dide 

d-Tubocura- 
rine Chlo- 
ride 


8C6 


S34 


695 


105.00 ± 6.2 

11.23 ±0.89 

4.8 ± 0.24 

1.23 ± 0.7 

0.79 ± 0.03 
0.136 ± 0.003] 


Slope 


b « 8.7 

b « 9.1| 

b 13 

b *= 12 

b ^ 19.3| 
b == 16.9 


5.4G ± 0.44 


0.58 ± 0.03 
0.078 ± 0.002] 


Slope 


b =» 8. 


b = 14.6 


60 t 


8.5 


1.25 


0.350 


0.325 


0.150| 


1000 


Periph- 

eral 

partl- 

ysls 


40 


80 


30 


determined in order to obtain some measurement of reversibility of the action on the neu- 
romyal junction. The minimum dose causing head-drop (HD) in rabbits was determined 
by single intravenous infusions over a ninety-second period. Acute toxicity was studied 
in mice by intravcnoiis injection at a rate of 0.1 cc. per 5 seconds of a suitable concentration 
of each drug so that a lethal dose was contained in 0.2 to 0.4 cc. The LDso was calculated 
according to the method of Litchfield and Fertig (6). Mice succumbing to the various 
compounds apparently died of respiratory failure, in a manner similar to or identical with 
that observed with d-tubocurarine chloride. The margin of safety for the mouse was 
calculated by the ratio: LDio/HDjol 

Results. The curare-like action is markedly enhanced by the twinning of 
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quaternary atropine molecules through an amyl chain. Compared to atropine 
methylnitrate (eumydrin), both di-atropine compounds are about twenty-five 
times more effective when tested on rabbits, and about ten times more potent 
in mice. They show a less marked increase in potency in the frog. d-Tubo- 
curarine chloride, however, is approximately 2 to 2.5 times more effective in 
rabbits than either di-atropine derivative. 

Both di-atropine compounds exhibited a marked degree of specificity in their 
curarizing effects, as evidenced by the reversibility of their effects in frogs and 
rabbits. The ratio between curarizing dose (HDso) and lethal dose (LD50) for 
di-atropine O-amyl-0 dimethiodide in mice is 1.36 compared to 1.74 for d-tubo- 
curarine and 2.06 for eumydi'in. The effects of the di-atropine compounds in 
rabbits were of short duration, and the recovery from paralyzing doses was ma- 
terially aided by neostigmine. 

The results furthermore stress the importance of one or more quaternary N 
atoms for curare-like action of these compounds. The curarizing effects of atro- 
pine in intact animals (frogs and rabbits) could only be demonstrated with doses 
which are convulsively or otherwise fatal to the animals (see table I). In con- 
trast, the curarizing effects of eumydrin and the diatropines are reversible, and 
death in mammals is directly due to the paralyzing effect on the diaphragm. 
Furthermore, the non-quaternary diatropine O-amyl-0 diether (not listed in the 
table) has indefinite curare-like action, when compared mth diatropine 
O-amyl-0 dimethiodide. 

Comment. The marked increase in curare-like action by twinning prosthetic 
groups in a blocking molecule confirms our prosthetic group analysis of the d- 
tubocurarine molecule. The anatomical implications of this study in regard to 
the striated muscle cell are extremely interesting. Smooth muscle, glands and 
heart muscle have the acetylcholine effect blocked by atropine noth its single 
row of prosthetic groups but striated muscle is much more effectively blocked by 
blocldng molecules containing tndn rows of prosthetic groups when the mean 
distance between the oxygen atoms is 9 A. 

The recent studies of Barlow and Ing (6) and others (7, 8) on simple aliphatic 
di-quaternary diamines indicate that a chain length of Cio is optimal for curare- 
like action of the methylated diamines. These compounds are as potent as d- 
tubocurarine but are not antidoted by neostigmine. The diamines provide a 
distance of 15 A which is in agreement with our measurements on the d-tubo- 
curarine molecule where the distance between the nitrogens is 13 to 15 A. The 
ideal arrangement may thus diagramatically be depicted as in figure 2. Thus 
the Cjo chain should be used when the nitrogens are connected. Compounds 
with slight to moderate atropine action such as diphenhydramine have their 
toxicity increased and become curare-like when two molecules are connected by 
an amyl chain. This action should be more markedly enhanced if a Cio chain 
is used to link the two nitrogen atoms. Since the potent aliphatic diamines (6) 
contain no oxygen prosthetic groups and no blocking moieties (except the ali- 
phatic chain), the careful study of N-Cjo-N quaternary derivatives will decide 
between the relative importance of methyl on nitrogen prosthetic groups and 
the oxygen prosthetic groups. 
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These studies raise many interesting questions and speculations. Does the 
neuromyal junction of striated muscle have a front and back door of receptors, 
both of which must be blocked simultaneously? Does attachment of a single 
atropine or eumydrin molecule on the striated muscle cell oppose the acceptance 
of an adjacent atropine molecule? Does this signify that the three oxygen pros- 
thetic groups repel the similar groupings of an adjacent molecule? This might 
prevent two atropine or eumydrin molecules from occupying adjacent positions 
on the cell surface except with extremely high dosage when laws of mass action 
might operate rather than a possible adsorption phenomenon. From a teleo- 
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FlO. 2. DiAGIlAM&lATIC ARRANGEMENT WaiCn DePICTS THE PROSTHETIC GrOUPS OF 

Atropine and d-Tubocdrarine 

The distance between the nitrogens in d-tubocurarine is 13 to 15 A 

logical viewpoint the omission of striated (voluntary) muscle from the blocking 
action of atropine-like compounds may indicate the possible existence (at one 
time at least) of an atropine-like controlling chemical in the body. For obvious 
reasons of “fright and flight” the voluntary muscles would of necessity 
be excepted. 

While these studies point to the future synthesis of practical curare substi- 
tutes, none of the presently studied compounds have been suflBciently evaluated 
to suggest their use clinically as substitutes for curare. Due to the widespread 
action of these compounds on the neuromyal junctions the respiratory depression 
produced by large doses militates against curare-like compounds having a thera- 
peutic index of more than two when the head drop dose is considered as the 
effective dose. 
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SUMMARY 

• Diatropines, whether synthesized by quaternization through the nitrogen 
atoms or by connecting the tropic acid hydroxyl groups by an aliphatic chain, 
have a markedly increased curare-like potency which approaches that of d-tubo- 
curarine. Compounds with slight atropine-lilce activity become curare-like when 
two molecules are connected by an alkyl chain of suitable length. When the 
oxygen prosthetic groups are joined a chain of 9 A length should be used while 
a chain of 15 A length is probably optimal for joining the nitrogen atoms. 
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Arterenol, l-(3,4-dihydroxj'phenyl)-2-aminoethanol or noradrenaline, and 
epinephrine were both sj-nthesized in 1904 by Stolz and Fliichcr (1), and Dakin 
(2) ; a few years later Fliicher succeeded in resolving epinephrine into its optical 
isomers (3). The study of the pharmacological actions of I- and d-cpinephrine 
and related compounds disclosed the great biological importance of optical 
isomerism in the field of the sympathomimetic amines, and demonstrated that 
the i-isomers were responsible for most of the sjunpathomimetic activity of the 
racemic nuxturcs. Earlier studies with d,i-arterenol revealed that it has a 
stronger pressor action than d,i-cpinephrine, and therefore !-artercnol was ex- 
pected to be more active than the knmvn sympathomimetic pressor agents. 
When one of the theories proposed for neurohumoral transmission of nerve 
impulses postulated the participation of /-arterenol, the importance of the latter 
was greatly increased. However, the studies on which this theory was based 
were carried out with the racemic compound since all attempts to separate the 
optical isomers were unsuccessful. When, in 1948, the resolution of arterenol 
was accomplished by TuUar (4) the long-sought /-isomer became available for 
pharmacological studies, and particularly for investigations of its role as a neuro- 
humoral agent and of its potential value in therapeutics. 

A preliminary report of the separation of the optical isomers of arterenol and 
a summary of a part of the pharmacologic results discussed hero was recently 
published (6). 

ExPEnijnJNTAi, PART. Blood Pressure, d, /-Arterenol has been reported to 
be more active than /-epinephrine on the pressor response of the chloralosed cat 
previously sensitized with cocaine and ergotamine (0). A related sympathomi- 
metic amine, Cobefrin ((i,/-di-hydroxy-nor-ephedrine) has been found by 
Crismon and Tainter to bo more active than both d, /-arterenol and /-epinephrine 
in stimulating the heart in the cat heart-lung preparation (7). 

Most of the estimations of the relative potency of the symp.athomimetic 
amines have been based on their cardio-vascular effects, and on this function 
arterenol and not epinephrine is the more active agent. Schultz (8) reported 
that d, /-arterenol exceeded d, /-epinephrine in pressor potency in a proportion of 
1.5 to 1 on dogs under morphine-ether anesthesia. These results were confirmed 
by Barger and Dale (9) who found ratios of 1.25-1.5 to 1 and by Raymond- 
Hamet (10). On urethanized cats Tainter (11) calculated that d, /-arterenol 
was one-third more active than d, /-epinephrine. Recently West (12) confirmed 
this ratio using chloralosed cats. 

Method. The pressor potencies of isomers of arterenol were determined on dogs ancs- 
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thetized with phenobarbital, 150 mgm. per kgm., intraporitoneally. Carotid blood pressure 
was recorded by means of a mercury manometer. All injections were made into the femoral 
vein. 

The USP XIII assay procedure for epinephrine was used , modified to the extent that both 
the standard and the "unknown" drug were given at two levels, the lower being about two- 
thirds of the higher, and no attempt was made to “match” the responses exactly. The four 
doses were given in an order determined by a Latin square as suggested by Noel (IS) so that 
the responses to four sets of doses were obtained on each dog. The 1-arterenol was in the 
form of the bitartrate monohydrate, the d-arterenol was the hydrochloride while the Lepi- 
nephrine was the USP Reference Standard Epinephrine, which is the base. 1-Arterenol was 
assayed using l-epinephrine as the standard while d-arterenol was assayed against its 
f-isomer. The relative potencies and the weighted average were calculated by the methods 

TABLE 1 


Relative pressor potencies of l-arierenol, in terms of l-epinephrine, and d-arlerenol, in 

terms of l-arierenol 

Each value represents an assay on a separate dog 


EXPT. NO. 

1 

1 AETESENOl.* 

(I EnKETHSlNt » lOD) 

YER CENT 5fc SX. 1 

1 

EXPT. NO. 

1 

d ASIERENOLf 
(i ASIEKEKOI. o 100) 
TER CENT d: SX. 

1 

128 ± 3 1 

7 

3.0 ±0.2 

2 

.186 ± 8 

8 

3.8 ±0.4 

3 

137 ± 7 

9 

1 3.9 ±0.3 

4 

161 cfc 4 


3.7 ±0.2 

6 

204 ± 16 

! 11 

3.7 ±0.3 

6 

i 223 ± 16 

1 


Weighted average 

158 

1 

1 

3.64 


* Injected as a solution of its bitartrate monohydrate salt and compared with an equi- 
molecular quantity of USP Reference Standard Epinephrine. 

t Injected as a solution of its hydrochloride salt and compared with an equimolecular 
quantity of Z-arterenol bitartrate monohydrate. 

described by Noel (13) and Miller, Bliss and Braun (14). Table 1 presents the results ob- 
tained on two groups of five dogs. 

The data in the left-hand column of table 1 indicate that on an equi-molecular 
basis, f-arterenol is approximately 1.58 times as potent a pressor agent as /-epi- 
nephrine in dogs anesthetized with phenobarbital; on a weight basis, the ratio 
is 1 .70 . The standard errors of the individual assays are relatively low indicating 
a consistency in the respective responses of each dog to the two compounds. 
However, this consistency is not observed in the data as a whole since the varia- 
tion from dog to dog is much greater than would be expected from the results 
on any one dog. The X‘ test for homogeneity of the individual ratios (14) 
reveals that such discrepancies would occur through normal sampling much less 
frequently than once in a thousand times. The variations are a reflection of the 
qualitative difference between 1-arterenol and l-epinephrine in their effects on 
the cardio-vascular system of the dog. Because of the heterogeneity, the 
weighted average of 158 per cent must be regarded with considerable reseiwa- 
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tion; the standard error of this average, calculated without regard to the hetero- 
geneity, would be misleading and has been omitted. 

In the right-hand half of table. 1 similar data on the relative potency of the two 
optical isomers of artcrcnol arc summarized for five dogs anesthetized with so- 
dium salts of Pentothal and barbital intravenously. As these results indicate, 
/-artorenol is approximately 27 times more activ'e than the d-isomer and therefore 
is responsible for practically all of the pressor activity of the racemic mixture. 
It will bo noted that the variation between dogs in the pressor ratios of the two 
isomers of artorenol is much less than that obsen'cd between the two homologs, 
/-artcrcnol and /-epinephrine. 



Studies were made on an atropinized, 10 kgm. dog anesthetized with 150 ragm./kgm., 
of phcnobarbital intrapcritoneally. Between I and II a dose of 8 mgm./kgm. of cocaine 
was injected subcutaneously. 


The pressor responses to eqtiipressor doses of /-epinephrine (1-2 microgm. per 
kgm.) and /- and d-arterenol differ somewhat in character. In duration, the 
effect of /-epinephrine is the briefest, /-arterenol inteimcdiate and d-arterenol the 
longest, the mean ratios for the duration of equivalent pressor doses being in 
the ratios of 1 : 1.5:2. 1 in dogs. The duration of the pressor effect of d-epineph- 
rinc has also been found to be longer than that of the levo-form (15, 16). Pos- 
sibly this difference may be explained by a slower inactivation of d-arterenol, 
due cither to the larger dosage or to a lesser affinity of the inactivating enzymatic 
system for the “unnatural” isomer. 

Confinning previous studies with racemic arterenol (Raymond-Hamet, 10, 
Tainter 11) it was found that the subcutaneous injection of 8mgm. of cocaine 
hydrochloride per kgm. sensitized the pressor effects of I- and d-arterenol. Also 
in line with earlier observations on racemic arterenol and epinephrine (11, 17), 
the sensitization to /-arterenol was greater than to /-epinephrine (fig. 1) or d-ar- 
tcrenol. 
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As an exception among the catecholethylamines, the pressor effect of racemic 
arterenol is not reversed by ergotoxine (Barger and Dale (9)), yohimbine (Ray- 
mond-Hamet (8)) or 933 F (N-piperidino-methjd-benzodioxane) (17). We have 
found that 2 mgm. per kgm. i.v. of the latter reversed the pressor effect of 
Z-epinephrine but only reduced the effect of I- and rf-arterenol. 

Action on the heart. A few experiments were carried out on dogs anesthetized 
M'ith Sodium Pentothal (15 mgm. per kgm.) and sodium barbital (250 mgm. per 
kgm.) intravenously in which the cardiac activity was recorded with a Jackson 
m 3 mcardiograph attached to the ventricles. 

Cardiac acceleration and an increase in the amplitude of the contraction was 
observed with both l~ and d-arterenol. Doses of /-arterenol of 0.3-1. 0 microgm. 
per kgm. i.v., which produced increases in blood pressure of 20-50 mm. Hg, 
increased the cardiac amplitude from 40 to 300 per cent. The heart rate ac- 
celerated slightl}'’ with these doses in both normal and atropinized animals. 

Equipressor doses of /-arterenol, d-arterenol and /-epinephrine had about the 
same quantitative effect on the amplitude of contraction (fig. 2). Crismon and 
Tainter have reported that d, /-arterenol is more active than /-epinephrine on 
the heart rate of the cat heart-lung preparation (7). 

Perfused rabbit ear. The vasoconstrictor effect of /-arterenol was compared to 
that of c/-arterenol and /-epinephrine on the perfused rabbit ear. The perfusion 
system was essential^'' that of Katz (19) as used b,v Moller to study the vaso- 
constrictor effect of cocaine (20). The ear artery is attached by a needle and 
nibber tubing to a vertical glass stand-pipe tube of 100 cm. height and 3 mm. 
internal diameter, with a funnel-like expansion blown at its upper end. From a 
Mariotte bottle, the perfusion fluid (Tju'ode, at room temperature) falls dropwise 
into the upper end of the standpipe tube. The flow is regulated bj' a stopcock 
to 2.5 to 3.0 cc. per min.; at this rate the pressure is maintained at 25 to 40 cm. 
of water. As the rate of inflow is constant, any decrease in the caliber of the 
ear vessels results in a rise in the column of fluid, the magnitude of which is a 
measure of the vasoconstriction. 

The absolute sensitivity and the discriminatoiy power of the preparation 
changes graduall.v during the experiment, increasing the error of quantitative 
determinations. Doses of 0.04-0.1 microgm. of /-epinephrine and 0.05-0.1 
microgm. of d, /-arterenol injected into the tubing produced marked vasoconstric- 
tion. In the eight ears studied /-epinephrine was more active than /-arterenol 
with ratios var 3 u'ng from 1.5 to 2.5. On the other hand, /-arterenol was found to 
be from 12 to 18 times more active than the d-isomer by this test. 

Prolongation of local anesthetic effect of procaine. The capacity of arterenol to 
extend the duration of local anesthesia was tested on rabbits by injection around 
the external canthus of the eye. Doses of 0.5 cc. of 0.5 per cent procaine alone 
and 0.5 per cent procaine with /-arterenol in dilutions vaiying from 1 : 100,000 
up to 1:10,000 were injected and the anesthesia determined by the presence or 
absence of the conieal reflex. 

The results in table 2 show that all the concentrations of arterenol used prolong 
the local anesthetic effect of procaine. However, a regular curve was not ob- 




Fio. 2. Dog, 12 Kgm. PENTOTiiAi.*BAnBiTAL Anesthesia 
Tracings: Upper, cardiogram (Jackson’s mj'ocardtograph). Middle, carotid blood 
pressure. Lower, time. Intravenous injections. 


1:200,000. On the other hand, bj' the intracutaneous wheal procedure in hu- 
mans, Bieter (23) found that the optimum dilution of /-epinephrine for increasing 
the local anesthetic effect of 0.125 per cent solution of procaine was 1:200,000 
with stronger solutions resulting in a shorter duration of anesthesia. Neither 
Lesor nor Bicter tried /-epinephrine 1:10,000, the strongest solution in our tests. 
The greatest effect was obtained at this concentration with epinephrine and at 
1:20,000 with arterenol. At all the concentrations, the effect of epinephrine 
was more pronounced. As measured by the duration of anesthesia, the vaso- 
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constl'iction produced bj'’ Z-epinephrine in the subcutaneous tissue and sub- 
mucosa around the external canthus of the eye is more prolonged than that 
produced by equal doses of Z-arterenol. 

Iniracutaneous wheal test in guinea pigs. The method of Biilbring and Wajda 
(24) consists in producing two intracutaneous wheals on the back of each animal 
bj^ injecting the anesthetic solutions and detennining the number of times there 
is no response to six pinpricks applied in sets to each wheal, every five minutes 
for 30 minutes. Six animals are used for each dose level. The negative responses 
obtained in the six readings for each wheal are summed and the mean for the six 

TABLE 2 


Comparison of l-epinephrine and l-arlcrcnol in prolonging local anesthesia from 0.5% 
procaine in the external canthus of rabbits 


VASOCONSTRICTOR NAME 

DILUTION* 

pDt 

NUMBER OF 
RABBITS 

DUR^VXION IN MIN. 

Ave. 

Range 

Z-Arterenol 

1:1,000,000 

6.0 

12 

36 

25' 60 

Z-Artcrenol 

1:540,000 

5.73 

6 

50 

40- 60 

Z-Arteronol 

1:400,000 

5.6 

6 

72 

65- 90 

f-Artercnol ' 

1:200,000 

5.3 

12 

79 

45-130 

/-Arterenol 

1:100,000 

5.0 

10 

70 

60- 85 

f-.Arterenol 

1:54,000 

4.73 

5 

79 

70- 90 

Z-Arterenol 

1:50,000 

4.7 

10 

60 

40- 90 

Z-Arterenol 

1:27,000 

4.43 

6 

82 

60-115 

Z-Arteronol 

1:10,000 

4.0 

11 

127 

j 85-155 

Z-Epinephrine 

1:500,000 

5.7 

6 

87 

60-130 

Z-Epinephrine 

1:200,000 

5.3 

6 

no 

90-160 

Z-EpincpZirine 

1:100,000 

5.0 

10 

124 

65-190 

Z-Epinephrine 

1:50,000 

4.2 

10 

131 

95-120 

Z-Epinophrine 

1:25,000 

4.4 

10 

no 

70-140 

Z-Epinephrine 

1:10,000 

4.0 

12 

215-P 

135-300 -t- 

Procaine control 

0.0 


12 

17 



* In terms of base. 

t Log of reciprocal of the dilution ratio (21). 


wheals is calculated. The maximum value of 36 was obtained with all four 
solutions, thereby indicating complete local anesthesia 

In table 3 the values obtained after 30 minutes represent simply the arithmetic 
sums of six readings (one for each wheal). These results show the increase in 
duration of the anesthetic effect of procaine produced by both Z-epinephrine and 
Z-artcrenol and at a dilution of 1:200,000 (in terms of the base) they were equally 
active. 

Smooth muscle organs. Retractor penis in situ: The effect of (Z,Z-arterenol on 
the dog’s retractor penis has been studied by Barger and Dale (9), who found 
that it was considerably less active than £/,Z-epinephrine in producing contraction 
of this muscle. Other primarj' amines in their series were also found less active 
than the corresponding methylamines.. Cocaine sensitizes the effect of epineph- 



OPTICAL ISOMERS OF ARTERENOL 


IGI 


rine on the cat’s retractor penis (25) and that of epinephrine and other cat- 
echolamines on the dog’s retractor penis in situ (2G). 

Method. Dogs anesthetized with Sodium Pcntothal and sodium barbital were 
used. In some animals, the sympathetic innen'otion of the muscle was sup- 
pressed by section of the lumbar ^mpathetic chains. All the dings were injected 
into the femoral vein and the resultant changes in carotid blood pressure recorded. 
After longitudinal section of the skin covering the penis, the anterior part of the 
muscle was dissected, cut at the site of its anterior insertion and attached by a 
long thread to a heart lever for recording. Equipressor doses of I- and d-arterenol 
produced approximatelj’ the same degree of contraction of the retractor penis. 
Therefore, Z-arterenol is about 27 times more active than the d-isomer on this 
muscle; however, in comparison with /-epinephrine, /-artcrenol is much less active 

TABLE 3 

Intracutancovs wheal ieels in guinea -pig& xcith 0.1% procaine and epinephrine or 
arlerenol 

Method of BQlbring and Wajda (24) 


1 



INDIVIDUAL SCOSES 


OT TBE BASE ! 

30 MINUTES 

“ 

mm 1 

90 

120 

min. 

ISO 

mio. 

1 175 

1 min. 

l-Epincphrinc 1:200,000. . . 

3G 

34 

30 ! 

25 

20 


/-Epinephrine 1:100,000 

36 

1 36 1 

30 

36 

1 33 

: 33 

/-Arterenol 1:400,000 

30 

34 1 

26 

24 

IS 

17 

/-Arterenol 1:200,000 

Procaine 0.1% . ... . . ' 

Procaine 0.25% ' 

Procaine 0.5% 

Procaine 1 0% 

36 

5.60 d:3.6 
10.0 ±4.2 ! 
2S 0 ±2.6 1 
31.6 ±4.1 

33 

28 

1 

1 

25 

1 25 

1 23 

1 


on the retractor penis than on blood pressure. In three dogs, the dose of /-ar- 
terenol required to induce the same degree of contraction was 4 to 5 times larger 
than that of /-epinephrine. This is illustrated in fig. 3 in which the effect of 
equiactive doses of /-epinephrine and I- and rf-arterenol can be compared. 

Isolated rabbit tlcum. The optical isomers of arterenol depress the activity of 
the isolated rabbit ileum. Qualitatively they act like epinephrine. In calculat- 
ing the potency of /- and d-arterenol and /-epinephrine we have followed the 
method recently described by Aliller, Becker and Tainter (21) for the determina- 
tion of the activity of spasmolytic drugs, witii the difference that we have used 
the unstimulated ileum. Considered as an all-or-nothing response, a result was 
recorded as “positive” when the amplitude of the normal contractions was re- 
duced by 75 per cent or more within two minutes. Each dose level was tried 
on six to 12 strips from a minimum of six rabbits. 

The mean values of the EDso in log dilutions (pD) were: rf-arterenol: 5.9 
± 0.07 (= 1:800,000), /-arterenol: 7.70 =b O.OS (1:50 millions) and /-epineph- 
rine: 7.78 it 0.12 (1:C0 millions). Tlierefore, /-arterenol is about as active as 
/-epinephrine in producing inhibition. In general agreement with the present 
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results Auman and Youmans (27) found /-epinephrine ivas 1.5 to 2.0 times as 
active as racemic arterenol and Emilsson (28) and West (12) observed a two- 
fold difference. 

Isolated guinea pig ileum. Both optical isomers of arterenol relax the normal 
and the histamine-contracted isolated guinea pig ileum.. The relative potencies 
of d- and I- arterenol and /-epinephrine in this respect were deteimined using at 
least six strips of the unstimulated ileum for each dose level by the method of 
Miller, Becker and Tainter. • 



Fig. 3. Dog, 11 Kgm. Pentothal-Barbital Anesthesia 

Atropinized. Tracings. Upper: Retractor penis (abdominal sympathetic chains cut); 
middle; carotid blood pressure; Lower: time, 1 minute intervals. Injections into femoral 
vein. E = Z-epinephrine; Z-A = Z-arterenol; d-A = rf-arterenol. Total doses in mgm. 
Between II and III a dose of cocaine HCI was injected subcutaneously. 


The guinea pig ileum was found to be more sensitive to these agents than the 
rabbit ileum. The pD producing positive results in 50 per cent of the strips was 
6.58 ± .09 (1:3.8 millions) for d-arterenol, 8.02 rb .07 (1:105 millions) for 
/-arterenol and 8.16 d= .08 (1:144 millions) for /-epinephrine. Although the 
standard errors are relatively large, it appears that /-epinephrine is slightly more 
active than /-arterenol and that this is 25-30 times more active than the d-isomer, 
a ratio comparable to that obtained on the blood pressure of the barbitalized 
dog. 

Isolated Rabbit Uterus (Non pregnant). The stimulating effects of /-arterenol 
and /-epinephrine were compared on the uterine horns of seven rabbits in dilu- 
tions of 1 : 10 million to 1 : 50 million. The two substances in the concentrations 
used produced the same degree of stimulation. The effect of /-arterenol appears 
to last longer. 
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Giimca pig Uterus (Non pregnant). /-Epmephrine and /-arterenol were tested 
on tlic guinea pig uterus, either unstimulated or contracted by adding acetyl- 
choline to give a 1:10 million dilution. The dilutions of the two amines varied 
from 1:2 million to 1:20 million. /-Arterenol was almost inefTective at 1:20 
million. The erratic activity of the uteri made the est mation of the potency 
vciy difficult; it appears that /-epinephrine is from 2 to 10 times more active 
than /-arterenol in producing inhibition of the uterus.' 


non-pregnant Rat Uterus 
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f 
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Fig. 4. Isollteo No.N-rnECNANT Rat Uterus 


Rat Uterus (Non pregnant). In the uterus stimulated by acetylcholine (1:1 
million to 1:5 million; pD 6-6.7) /-arterenol was ineffective at 1:100 million. 
The threshold dilution seems to be around 1:10 million; a concenti-ation three 
times this produced a degree of inhibition (decrease in tonus) comparable to 
that of 1 : 100 million of /-epinephrine Therefore, /-epinephrine is approximately 
30 times more active than /-arterenol in relaxing the rat uterus stimulated with 
acetylcholine. However, with equiactive doses, the effect of /-arterenol was 
more prolonged. On the other hand, /-arterenol was about four times more 
active than d-arteronol (fig. 4). 

‘ In a new series of experiments, carried out in August, 1948, both /-arterenol and Z-epi- 
nephrine were found to produce contraction instead of relaxation of non-pregnant guinea pig 
uterus. Some investigators have obtained both contraction and relaxation of the pregnant 
as well as the non-pregnant guinea pig uterus, while others have observed either relaxation 
or contraction, (Literature reviewed by Gruber (44)). 
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Effect on the Bronchioles. There is an extensive literature on the bronchiolar 
dilatation produced by the sjTOpathomimetic amines. The effect of d , ^-arterenol 
has been studied by Tainter el al. (29) on the perfused guinea pig lung. They 
found that it is onlj’’ about t as active on the average as /-epinephrine in relieving 
the spasms produced by histamine, pilocarpine or barium. On the lung in situ 
(30) with the Jackson method, d,Z-arterenol is a good bronchodilator against the 
spasm produced by arecoline. On the perfused guinea pig lung, Siegmund, 
Granger and Lands (31) found that /-epinephrine was at least 10 times more 
active than d , /-arterenol against histamine bronchospasm. Thej'’ also found 
c/,/-arterenol veiy active on the spasm provoked by histamine inhalation. We 
have used both the perfused guinea pig lungs by the method of Sollmann and '\'^on 
Oettingen (32) as modified b5’- Tainter, Pedden and James (29) and the method 

TABLE 4 


Bronchodilator action of d- and l-arlcrenol in comparison with l-epinephrinc in histamine 

induced asthma in guinea pigs 


DRUGS 

DOSE* 

mgm./kgm. ' 
I.P. 

NO, OF 
EXPERI- 
MENTS 

AXTIRACE time! 

PER CENT IN- 
CREASE 

DOSAGE 
RATIO 
/-EPINEPH- 
RINE = 1 

Control 

j Exper. 

Onset 

Dura- ' 

tiOD 

Onset 

Dura- 

tion 

Onset 

Dura- 

tion 

f-epinophrine 

0.01 

7 

0.60 

1.04 

1.09 

1.46 

73 

35 

1 

f-epinephrine 

1 0.02 

7 

1 0.55 

0.85 

1.30 

2.18 

136 

156 


1-arterenol 

0.05 

14 

0.48 

0.84 

1.07 

1.69 

122 

101 

3 

Larterenol 

0,1 

7 

0.50 

1.00 

1.80 

2.70 

260 

170 


d-arterenol 

1.0 

18 

0.60 

1.05 

1.35 

2.05 

125 

95 

60 


* .411 doses expressed in terms of the bases. Drugs were injected intraporitoneally. 
t Time expressed in minutes. 


devised by Schauman (33) with some modifications as described by Siegmund, 
Granger and Lands to induce bronchospasm by histamine inhalation. 

On the perfused lung, /-arterenol in doses of 0.034 to 0.1 mgm. and d-arterenol 
in doses of 3 to 5 mgm. relaxed the bronchioles constricted by histamine (0.02- 
0.05 mgm.), all the drugs being injected into the perfusion fluid just entering the 
lung. The /-isomer was 50 to 60 times more active than the d-isomer, and about 
iV as active as /-epinephrine. 

In the intact guinea pig, /- and d-arterenol showed antagonism to the spasm 
induced by inhalation of histamine diphosphate aerosol, as judged by the delaj's 
in the onset of initial sjmiptoms and the appearance of asphy.xial convulsions 
(duration). The results have been summarized in table 4. 

By this method the ratios differ from those obtained with the perfused lung; 
/-arterenol is approximately 20 times more active than d-arterenol and about I 
as active as /-epinephrine. 

Central Nervous System Stimulation. The comparative activities of /-arterenol 
and /-epinephrine in stimulating the central nciwous system have been investi- 
gated by the rat “jiggle-cage” technique of Tainter and co-workers (34). By 
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this method the movements of each rat are summated on an electric counter. 
Z-Arterenol was administered subcutaneously as the d-bitartrate monohydrate 
salt and Z-epinephrine as the base dissolved in weak hydrochloric acid solution, 
but all doses are expressed in terms of the free base for both compounds. A sum- 
mary of the results is given in table 5. 

From the results it may be seen that both Z-arterenol and Z-epinephrine produce 
moderate stimulation in the dose range used. The differences between the two 
drugs for individual intervals are scarcely beyond the limits of significance, in 
view of the relatively large standard errors. However, in the first three hours 
after injection all the hourly means obtained after Z-epinephrine, with only one 
exception, are higher than the con'esponding means (in time and dosage) for 
the Z-arterenol rats. The total increase in revolutions over the control show 
greater differences inasmuch as the totals include the additional increases after 

TABLE 5 


Central ncri’ous system stimulation produced in rats by l-cpinephrine and l-arterenol 
08 determined by the Jiggle Cage technique of Tainter, el ol. (55) 


SKQQ 

DOSS or 
BASE 

ucu./ 

xcu. 

IfO. 

BAt« 

AVEKACE KUUBEB OS XEVOEtmoMS EEB QOUE :b SiX. AT TUBS BSOWN 
AETEE POSTNO 

TOTAL 

DteSZASE 

IN 

EEVOl, 

OVZB 

CONTEOL 

iHr. 

2 Hi. 

3 Hr. 

4 Hr. 

SHr. 

6 Hr. 

S!iUD« 

1 (Sec.) 

22 

2.3 ±0.5 

1.4 ±0.2 

1.0 ±0.3 

1.1±0.3 

1.1 ±0.2 

1.4 ±0.3 


{•Epinepbrioe 

0.25 

9 

7.2 ±1.0 1 

10.9 ±4.4 

3.7 ±1.0 

2.0 ±0.6 

1.2 ±0.6 

1.0 ±0.4 

17.1 


0.75 

12 

10.0 ±2.4 

6.8 ±2.3 

0.0 ±1.3 

3.1 ±0.9 

1.6 ±0.6 

1.7 ±0.5 

i 22.9 


2.0 

12 ' 

12.0 ±1.9 

8.0 ±1.5 

4.0 ±0.9 

2.3 ±0.0 

2.0 ±0.6 

2.8 ±0.6 

23.4 

I-Arterenol 

0.25 

0 

8.9 ±2.0 

5.0 ±0.6 1 

2.2 ±0.5 

1.2 ±0.3 

0.7 ±0.1 1 

1.4 ±0.5 

10.9 


0.75 

12 

9.6±2.0 

5.3±l.e , 

1.8 ±0.0 

0.0±D.2 

0.5 ±0.2 , 

0.7 ±0.2 

11.4 


2.0 

12* 

7.7 ±1.3 

4.0 ±1.0 1 

1.4 ±0.7 

1.2 ±0.3 

0.9 ±0.3 ' 

0.9±0.06 

7.9 


* 1 aoiioAl of this group died. 


the third hour followng the injection. In conclusion it appears that Z-epineph- 
rine stimulates the central nervous ^stem of the rat approximately twice as 
much as Z-arterenol. 

Discussion. The results reported here on Z-arterenol agree, in a general way, 
with prior knowledge of the pharmacological action of d, Z-arterenol. As pre- 
dicted, most of the activity of cZ, Z-arterenol is attributable to the Z-isomer. For 
arterenol, the average d:l pressor potency ratio is 1:27, which is intermediate 
between the ratios reported for the pairs of close analogues, namely: 1:12 to 
1:15 (35, 36) and 1:18,5 (37) for d- and Z-epinephrine and 1:30 (38) for d- and 
Z-dihydroxynorephedrine. The relative potencies of the two optical isomers 
observed in various physiological structures or ^tems are summarized in table 6. 

It is somewhat surprising to find that Z-arterenol is as active as Z-epinephrine 
on the small intestine of rabbits. It has been assumed that the primary amines 
in the catecholethyl- and propylamine series have appreciably less sympathomi- 
metic inhibitor action than the corresponding methylamines. 




166 


LTJDtTENA, ANANENKO, SIEGMTJND AND jnLLER 


Examination of table 6 shows that the ratios of Z-arterenol potency to that of 
f-epinephrine bear no relation to whether an inhibitory or excitatory type of 
response is involved. Z-Arterenol is more active on blood pressure and on the 
dog’s heart. It is also more active on the pregnant uterus of cats according to 
reports in the literature (6, 12, 39). However, with other structures wherein 
the sympathetic is excitatory (dog’s retractor penis and the cat’s nictitating 
membrane (Bacq, 40)), Z-arterenol is much less, active than Z-epinephrine. Ar- 
terenol is also less effective in raising the blood sugar in rabbits as demonstrated 
by Sahyun (41) with the racemic mixture and by McChesney and McAuliff with 
the Z-isomer (42). In addition, Z-arterenol is as potent as Z-epinephrine on an 
inhibitoiy sympathetic structure (small intestine) while it is much less active on 


TABLE 6 

Relative potency of l-epinephrine and d- and l-arierenol 


TEST OBJECT 1 

1 

Z-AETEREKOL RATIO 
OF EQUIACnVE 
DOSES OF Z-ARTERZ- 
NOE AKD 
/-EPINEPHRINE 

f/-ARTEEENOL RATIO 
OP EQDlACnVE 
DOSES OP d- AND 
/-ARTESENOL 

TYPE OF 
RESPONSE 

Dog, blood pressure 

l-epinephrine =* 1 

0.6 

Uarttrenol *= 1 

27 

E* 

Dog, heart in situ 

0.6 

27 

E 

Dog, retractor penis 

4-5 

27 

E 

Rabbit, ear perfusion (vasoconstriction). 

1. 5-2.6 

12-18 

E 

Babbit, isolated ileum 

1 

60 

It 

Guinea pig, isolated ileum 

1.5 

27 

E 

Rabbit uterus, nonpregnant 

1 

““ 

E 

Guinea Pig uterus, nonpregnant 

2-10 

— 

I 

Rat uterus, nonpregnant 

30 

4 

I 

Guinea Pig lungs 

a) perfusion 

17 

60 

I 

b) histamine asthma 

3 

20 

I 


* E — Excitation. 
1 1 — Inhibition. 


the two organs in which the sympathetic is excitatory (retractor penis and nicti- 
tating membrane). This raises the question whether Z-arterenol can fulfill the 
theoretical requirements for an “excitatory” sympathin, as has been suggested 
by some investigators. 

Originally “sympathetic receptive substance” or "myoneural junction” desig- 
nated a specialized part of the sympathetic peripheral mechanism, through which 
the effect of the nerx^e impulses or of epinephrine was mediated, and which de- 
pended trophically on the effector cell, since it did not disappear after section and 
degeneration of the nerve fibers. It was actually a part of the effector cell, but 
different from the contractile substance upon which the so called “muscuio- 
tropic” agents were supposed to act. In the newer concepts of neurohumoral 
transmission, the role played by the receptive substance changed but little; it 
continued to play the part of the trigger apparatus for the. mechanical effect by 
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becoming the site of action of the ergonc or ergones liberated at the periphery 
by the stimulation of the nen^es. As the effect of epinephrine and other closely 
related compounds on smooth muscle was augmentation or inhibition depending 
on the type of receptive substances involved (which in turn was revealed by the 
type of response to the stimulation of the sj'mpathetic nerves) it was assumed 
that there are two receptive substances, excitatory' and inhibitory, which are 
fundamentally different. This assumption is supported by the fact that during 
pregnancy when the sympathetic supply of the uterus in the cat and other ani- 
mals changes from inhibitory to excitatory there is a parallel change in the re- 
sponses to epinephrine and closely related drugs. 

In the case of the organs in which the sympathetic is inhibitory there is no 
difficulty in accepting the hypothesis of the inhibitory receptive substance, 
although it should be considered as a working hypothesis until more is knoum 
about the mechanism of contraction of the smooth muscle cells. However, the 
existence of sympathetic inhibitory innervation has been claimed to explain 
certain inhibitory' effects produced by epinephrine and related compounds on the 
blood vessels, such as the fall of pressure elicited by small doses, the secondary 
hypotension which follows the normal pressor effect and the reversal obtained 
after sympatholytic agents. Ergotoxinc, 933 F and other sympatholytics should 
inhibit only the effect of sympathomimetic amines on the excitatory receptive 
substance, leaving the inhibitory’ component of the vascular ciTcct unaltered; 
only those amines which act on both types of receptive substance should depress 
the blood pressure after sympatholytics. Therefore, according to this theory, 
arterenol and other iior-compounds have very' little or no effect on the inhibitory 
sympathetic receptive substance. The same theory’ was advanced to explain 
the fact that arterenol was more active than epinephrine on the blood pressure 
while it was less potent on the retractor penis (9). It was assumed that epineph- 
rine was more active than arterenol in producing excitatory effects, as was shown 
on the retractor penis which has no inhibitory sympathetic supply, while on the 
blood pressure the pressor effect of epinephrine was reduced by its own inhibitory 
action, while the effect of arterenol, on the other hand, having a very’ weak or no 
inhibitory component, was fully effective. This theory implies the existence of 
inhibitorj' sympathetic fibers in every vascular area in which epinephrine acts 
as a vasodilator after sympatholytics, a genemlization for which there is no con- 
clusive evidence, although inhibitory sy'mpathetic fibers have been demonstrated 
for some vascular areas. 

Weight against this hypothesis is provided by the action of compounds such 
as N-isopropyl-artercnol (Isupi-el) and other closely related amines which are 
predominantly or purely vasodilators in action. Their action and the inhibitoiy 
effects of epinephrine arc supposed to be similar in nature; that is, on inliibitory 
sympathetic receptive substances. However, we have made the observation 
tliat Isuprel relaxes the atropinized dog’s retractor penis in situ (fig. 5) and in 
vitro, a muscle which docs not have inhibitory sympathetic fibers (43). It also 
relaxes the atropinized vessels of the perfused ear of the rabbit, an animal in 
which ergotoxine does not reverse the pressor effect of epinephrine. Apparently 
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the Site of action of Isuprel on smooth muscle cells is not identified anatomically 
or physiologically with inhibitory sympathetic fibers and nerve endings. The 
site of the inhibitory action of epinephrine is presumably the same, considering 
the close chemical and pharmacological relationship of the two compounds. 


Dog 8 9 kg. 




140 



"Blood 

"Pressure 

f Cocaine 
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meclianical responses. The affinity for the same cellular mechanism would de- 
pend on the structural features which they have in common white the type of 
amine group would be responsible for the direction and degree in which this 
mechanism is influenced. 


CONCLUSIONS 

1. The pharmacologic actions of I- and d-arterenol have been compared with 
f-epinephrine on the blood pressure, cardiac activity and the retractor penis of 
the barbitalized dog, on the isolated ileum of the rabbit and guinea pig, and the 
bronchioles of guinea pigs. The effects of Z-arterenol were also compared to 
that of Z-epinephrine on the uterus of rabbits and guinea pig, on the duration of 
the local anesthesia from procaine, and on the spontaneous random activity of 
the rat by the jiggle-cage technique. 

2. On the barbitalized dog Z-arterenol is 1.70 more active than Z-epinephrine 
in raising blood pressure, while d-arterenol is about -jVth as active as the Z-isomer. 
Equipressor doses of these drugs produce about the same degree of cardiac 
stimulation as judged by the increase in heart rate and amplitude. 

3. On the dog’s retractor penis in situ, equipressor doses of Z- and (Z-arterenol 
have the same stimulating effect. Z-Epinephrine is 4 to 5 times more active than 
Z-arterenol. 

4. Cocaine sensitizes the effect of Z- and (Z-arterenol on the blood pressure and 
the retractor penis. 

5. On the isolated rabbit ileum Z-arterenol is approximately as active as Z-epi- 
nephrine in producing inhibition: (Z-arterenoI is about lArth as active. On the 
isolated guinea pig ileum Z-arterenol is somewhat less active than Z-epinephrine 
in inducing relaxation wiiiie it is 20 times more active than (Z-arterenol. 

6. The isolated rat uterus stimulated with acetylcholine is promptly relaxed 
by Z- and (Z-arterenol. On this preparation, Z-arterenol is about 4 times more 
active than the d-isoraer and ^th as active as Z-epinephrine. In stimulating the 
isolated rabbit uterus Z-artorenol and Z-epinephrine are equally active, while the 
latter is 2 to 10 times more active than the former in inducing inhibition of the 
isolated nonpregnant guinea pig uterus. 

7. In the perfused guinea pig lung Z-epinephrine is about 17 times more active 
than Z-arterenol which is 50 to 60 times more active than (Z-arterenol as a broncho- 
dilator against histamine constriction. Against the bronchospasm induced by 
nebulized histamine in the intact guinea pig Z-epinephrine is about 3 times more 
active than Z-arterenol which is 20 times more active than (Z-arterenol. 

8. Z-Epinephrine is more potent than Z-arterenol in increasing the duration of 
the local anesthetic effect of proeffine. 

9. Both Z-epinephrine and Z-arterenol moderately increase the spontaneous 
activity of the rat as judged by the jiggle cage method. The degree of stimula- 
tion is greater with Z-epiuephrine. 

10. These results are not compatible, in any simple way, with certain current 
theories that identify Z-arterenol as being the augmentor hormone of the sympa- 
thetic nervous system. 
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Acheson and Pereira (1), in 194G, demonstrated that tetraethylammonium 
bromide blocks the synapse of sympathetic ganglia. In the same year Acheson 
and Moe (2) interpreted some of the actions of this dnig on the frequency of 
the heart beats as due to depression of the parasympathetic ganglion formations 
of the heart. 

It has been considered of interest to establish the possibility of blocking the 
ganglionic s^map-se of the parasympathetic system "with the dmg and also to 
study the effect of the dmg on the transmission between the cholinergic post- 
ganglionic fiber and the effector, since adrenergic transmission is unhampered by 
the drug (1). 

Methods. Cuts uncsthetized with anlntrapcritoncalinjcction of sodium pciitobarbital- 
urcthanc wore used (sodium pentobarbital 0.03 grams to 1 cc. of 25 per cent urethane: 1 cc. 
per kilogram of animal weight) . A tracheal cannula was employed so that artificial respira- 
tion could be performed when necessary. 

The structures used were the superior cervical ganglion (sympathetic) and the ciliary 
ganglion (parasympathetic). 

To stimulate parasympathetic preganglionic and postganglionic fibers, the method of 
Luco and Salvestrinl (3) was employed. The preganglionic and postganglionic sympathetic 
fibers were stimulated in the cervical region. 

The nerves were stimulated by short rectangular pulses of 0.0005 see. duration, the fre- 
quency of which was controlled by electronic valves. Maximal stimulus was used in the 
majority of the experiments, and submaximal in the rest. 

The drug chosen — tetraethylammonium bromide (Kodak) — was administered intrave- 
nously (via the femoral vein) . The action of the drug was recorded by photographing the 
variations in pupillary diameter at difTerent times during stimulation. 

A total of 29 experiments was performed. In nearl}* all the animals the adrenal glands 
were removed. 

Results. A) Preganglionic parasympathetic fibers. The intravenous injec- 
tion of tetraethjdammoniiim bromide during stimulation of the third pair (pre- 
ganglionic fibers of the ciliary ganglion) at frequencies that fluctuated between 
30 and GO per second and with maximal intensity produced a reduction or aboli- 
tion of the pupillaiy reaction. The effect can be obsen’ed I minute after the 
administration of the drug and lasts for a full 30 minutes. 

In nearly all the experiments the preganglionic sympathetic fibers were stimu- 
lated simultaneously on opposite sides; it was possible to observe a blocking of 
both pupillary reactions with doses fluctuating between O.OG and 30 mgm. per 
kilogram of body weight. In one (fig. I), progressively larger doses were ad- 

^ Aided by the Ella Sachs Plotz Foundation, Boston, Massachusetts, and Fundacion 
Gildcmoister, Santiago de Chile. 
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graph) and after stimulation (bottom one) are due to the absence of the light reflex 
by the blocking effect of the drug on the ciliary ganglion. An intense effect on 
the sympathetic ganglion appears after the first injection at B and the complete 
blocking effect after the second one at C, as proved by the fact that a double dose 
administered at D does not modify the pupillarj- diameter and by the fact that 
it is equal to the diameter after stimulation. In the parasympathetic ganglion 
the effect is obseiTcd only after the second injection, and it is not yet complete 
after the third one; i.e., the pupillarj' diameter is smaller than the one before or 
after stimulation. 

In other words, the effect on the parasympathetic ganglion was obtained in 
this experiment with doses about four times larger than the one required to block 
the sympathetic ganglion. ^ ‘ 

In other experiments the ciliarj- ganglion was acutely removed on the same 
side as the sympathetic stimulation, and the blocking effects were of the same 
magnitude as the experiment of fig. 1 . 


0 12 3 4 5 6 



A 0 C D E 


Fig 2. Depressoii and Potentiation Effects with Small anj> Large Doses during 

Stimulation of the Postganglionic Parasympathetic Fibers with Maximal 

Stimuli 

A and E show the beginning and ending of stimulation. At B, C and D, tetracthylam- 
niontum bromide; 3 mgm., 8 mgm, and 160 ragm. per kilogram of body weight, respectively 

B) Postganglionic parasympathetic fibers. During stimulation of the post- 
ganglionic parasympathetic (cholincigic) fibers at a frequency of 25 to 50 per 
second, various effects can be observed according to the dose used: With 10 to 
100 mgm. per kilogram of body weight, block of the response of the effector is 
observed similar to the autonomic-ganglion effect. 

With doses between 200 and 300 mgm. per kilogram of body weight, it is often 
observed that an increase in the pupillary contraction takes place. After this 
potentiation of the response, which lasts nearly 1 minute, a depression and block- 
ing is observed, as shown by a prolonged pupilfarj'^ dilatation. 

The depression with small doses and potentiation with large ones has been 
obseiA^ed with both maximal and submaximal stimuli (figs. 2 and 3). The de- 
pressor effect can be diminished if the intensity of the stimulus is increased, 
regardless of whether maximal or submaximal stimulation is employed, but the 
increase was never greater than that obtained with a maximal stimulus. 

In 2 experiments it was observed, as reported by Acheson and Pereira (1), 
that the response of smooth muscle to acetylcholine (in this case the pupillaiy 
sphincter) is not altered by the previous administration of the drug (fig. 4). 
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C) Direct effect on the pupil. It ivas considered interesting to know the effect 
produced by direct action of the drug on the pupil. Four cats were used. In 
one the sympathetic and ciliary ganglia of both sides were acutely removed, 
and in the other three the superior cervical ganglion of one side was excised 5 to 
7 daj'^s previously and the rest of the ganglia acutely removed. Under these 
conditions the dmg produces a slight increase of the pupillary diameter (fig. 5)— a 



Fig. 3. Potbnti.\tion with Large Doses during Submaximal Stimulation op the 
Postganglionic Parasympathetic Fibers 

At A, stimulation begins, with maximal stimuli. At B, intensity is reduced (submaxi- 
mal). At C, injection of tetraethylammonium bromide: 160 mgm. per kilogram of body 
weight. 


A B C 



Fig. 4. Effect of the Drug on Acbtylcholinic Response of the Pupil 

Chronic sympathetic postganglionic denervation (6 days) and acute decentralization 
(removal of ciliary ganglion) . At A, B and C, injections of 50 micrograms of acct 3 -lcholine. 
T shows intravenous injection of 16 mgm. per kilogram of body weight of tetraethylammo- 
nium bromide, immediatelj' before B. 

reaction that is, of course, more intense when the initial tension of the pupil is 
greater. 

In the different experiments, it was never observed that the drug produced 
pupillaiy contraction per sc, even with doses as large as 300 mgm. per kilogram. 
From this, one may infer that the drug has no muscarinic effect, confirming pre- 
vious reports, such as those cited by Acheson and Moe (2). 

Discussion. Luco and Mesa (4) demonstrated that curare produces a block - 
ing of the synapse in which acetylcholine is mediator. Tetraethylammonium 
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bromide has a similar action on the neurocftcctors studied; thus Acheson and 
Pereira (1) observed a depressor effect on the sympathetic ganglion, and this 
paper studies its action on parasympathetic ganglia and on the postganglionic 
cholinergic effector system. The observation of Acheson and Pereira that, like 
curare, it does not block the postganglionic adrenergic effector system is con- 
firmed. 

The dilatation of the pupil observed with the administration of the drug, while 
stimulating the ciliaiy fibers, is not due to a direct effect of tetraethylammonium 
bromide on the pupillaiy sphincter, since during postganglionic sympathetic 
stimulation there is no effect of the drug on the dilator of the pupil. On the other 
hand, the magnitude of direct effect of the drag on the pupil dilatation is small 


A B 



Fio. 5. Direct Effect of the Drug on the Pupil 

A and A.' (right side) show the acutely decentralized pupil. B and B' (left side), the 
acutely decentralized and chronically denervatod pupil (removal of the superior cervical 
ganglion). At T, injection of tctraethj'lammonium bromide: 25 mgm. per kilogram of 
body weight. 

whereas the depression during postganglionic stimulation may be complete. 
These considerations therefore exclude the possibility that the depressor effect 
is due principally to a change in the smooth-muscle contractile system. 

It does not at present seem likely that the drug lias an effect on the post- 
ganglionic axon, since no depression of the postganglionic sympathetic fibers is 
observed. 

It is not possible to accept an increase in the threshold to acetylcholine, which 
would easily explain the depressor effect, since both in the experiments of Acheson 
and Pereira (1) and in these, the threshold of the nictitating membrane and the 
pupil to acetylcholine remained unaltered. 

The possibility of a change in the liberation of the mediator would explain 
the results obtained, but this interpretation has not been submitted to experi- 
mental proof. 
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The transitoi^', but constant, potentiation produced the drug in high doses 
during stimulation is not due to direct action on the muscle, since such a reaction 
has never been observed, as pointed out in Section C above. This increase in 
the contraction could also be explained as due to an alteration in the liberation 
of the mediator. 


SUMMARY 

The effect of tetraethylammonium bromide on the parasympathetic ganglion 
and the postganglionic cholinergic effector system ivas studied on cats anesthe- 
tized with sodium pentobarbital. 

During stimulation of the preganglionic fibers of the ciliarj’’ gai^ion, a block- 
ing of the transmission of the impulse through the ganglion was observed. 

The stimulation of the postganglionic fibers revealed a blocking of the pupillary 
response with intravenous doses of 10 to 100 mgm. per kilogram of body weight, 
and a potentiation of the response with doses from two to three times larger. 
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Many compounds, both natural and synthetic, have been found to possess 
adrenergic blocking activity. The clinical application of such agents has been 
limited by their to.vicity and brief duration of action. In 1946 Nickerson and 
Goodman (1) reported that dibeuzyl /3-chloroethyl amine (dibenamine) was cap- 
able of blocking certain adrenergic responses for a period up to several days 
after a single dose. Subsequently Loew, Kaiser, and Anderson (2) described the 
similar effects of other /3-halogenated ethyl amines, namely: benzhydrylethyl 
/3-chloroethyl amine, /3-biphenoxyethyl /3-chloroethyl amine, and a-napthyl- 
methyl ethyl ^-chloroethyl amine. 

This group of compounds is presumed to undergo intramolecular cyclization 
under physiological conditions with the formation of a highly reactive imine 
ring. It is to this transformed state of the dibenamine molecule that the ad- 
renergic blocking effect has been ascribed (3). This effect can be prevented by 
the prior administration of thiosulfate, an action which is attributed to the ability 
of this ion to combine with the imine form of such compounds with the produc- 
tion of an inactive ethyl thiosulfate derivative. 

The present study is concerned with the relationship between chemical struc- 
ture and adrenergic blocking activity of a number of /3-chloroethyl amines and 
with certain aspects of the mechanism of action of such compounds. 

Methods. Mouse Protection Test. The ability of adrenergic blocking agents to protect 
mice against the lethal effects of epinephrine has been utilized as a test for such activity (2) . 
In the present study albino mice were injected subcutaneously with the compound to be 
tested and the LDjo-ioo of epinephrine* (20 mgm./kgra.) was subsequently injected intra- 
peritoneally. Groups of 10 mice were used in each experiment and frequent control deter- 
minations of epinephrine toxicity were made. All injections were made in a volume corre- 
sponding to 0.1 cc./lO grams body weight, except in the case of epinephrine which was given 
in a volume of 0.2 cc./lO gram. The compounds tested were hydrochloride salts dissolved 
in normal saline (sometimes slightly acidified) or in propylene glycol diluted with normal 
saline. The number of mice per cage and the type of cage were kept constant. 

> The work described in this paper was done in part under contract between the Medical 
Division, Chemical Corps, U. S. Army, and Cornell University Medical College. Under 
terms of the contract, the Chemical Corps neither restricts nor is responsible for the 
opinions or conclusions of the authors. The investigation was also supported by research 
grants from the U. S. Public Health Service, National Institute of Health, Division of 
Research Grants and Fellowships, and from the American Cancer Society. 

* Present address: Dept, of Medicine, Johns Hopkins Hospital, Baltimore. 

* Commercially prepared 1:1,000 solution of the hydrochloride salt. 

177 


178 


CAHLTON C. HUNT 


Blood pressure. Adult cats irere anesthetized with 0.5 cc./kgm. of "Dial” solution 
(Ciba) administered intraperitoneally. The carotid artery was cannulated and the blood 
pressure recorded with a mercury or Hurthle manometer. All injections were made into 
the saphenous vein. 

Niclitaling membrane. The response of the nictitating membrane was recorded by at- 
tachment to an isotonic lever. Silver electrodes were placed on the cervical S 3 'mpathetic 
trunk and stimulation effected by an inductorium. 

Cross-circulation experiments. In 4 experiments cross-circulation was established in a 
pair of cats through glass cannulae which connected the cardiac end of the common carotid 
artery of each animal with the cardiac end of the external jugular vein of the other. Hepa- 
rin was used as the anti-coagulant. Dibenamine was injected intravenously into 1 (donor) 
cat with the cross-circulation interrupted. After an interval, cross-circulation was estab- 
lished. Subsequent to this, with the cross-circulation again interrupted, the blood pressure 
response of the second (recipient) cat to epinephrine was recorded through a cannula in the 
femoral artery. 

Isolated organs. A glass organ bath with a volume of 40 cc. was maintained at 38° C. 
A 4-5 cm. strip of freshly removed rabbit intestine or non-pregnant rabbit uterus was con- 
nected in the bath to a heart lever. A Krebs-Ringer bicarbonate medium was used contain- 
ing 0.1 per cent glucose. A mixture of 05 per cent O 2 and 5 per cent CO* was bubbled con- 
tinuously through the bath. 

Papillary muscle. The technique of Cattell and Gold (4) was used. A Ringer-bicarbo- 
nate solution was gassed continuously with 95 per cent O 2 and 5 per cent CO 2 . The muscle 
was stimulated at a rate of l/sec. and responses were recorded photographically. 

Results. Relationship of structure to adrenergic blocking activity. A series 
of /3-chloroethyl amines was studied for a protective effect against lethal doses 
(LDso-ioo) of epinephrine in mice. Table 1 shows the results of 20 compounds 
so tested. After an initial dose of the /3-chloroethyl amine (usually 20 
mgm./kgm.) progressively smaller doses were tested until tV or more of a group 
of mice died from epinephrine. A few compounds reported previously (2, 3) are 
included for comparison. Those agents which failed to afford protection when 
epinephrine was given 30 minutes later were retested, allovdng an inten^al of 2 
hours beriveen administration of the drug and of epinephrine. 

Nickerson, Nomaguchi, and Goodman (3) reported that p-propyl or chlor 
substitution on the ben^l groups of dibenamine abolished activity, and that at 
least one benzyl group was<essential for activity and could not be replaced by a 
phenyl, phenylethyl, or aliphatic group without complete inactivation. How- 
ever, of the his jS-chloroethjd amines reported here, the benzyl, /5-phenyleth3d, 
and 7 -phenjdpropyl derivatives were active. Since benzhydrylethjd and 
^-biphenoxyethyl ;3-chloroethyl amines are also active, it appears that more than 
one C atom may be interposed between the N atom and the aromatic group in 
active compounds. 

Of the agents tested for a protective effect in mice, a;-napth 3 dmethjd ethyl 
/3-chloroethyl amine appeared the most active. Any absolute comparison of 
the potenc 3 ' of these compounds in this regard would require the determination 
of the time taken for the development of maximal effect for each compound. 
This is evident in the case of y-phenylpropyl 5£s/3-chloroeth3d amine which offered 
no protection when lethal doses of epinephrine were given 30 minutes later, but 
did protect against epinephrine administered 2 hours later. Thus any compari- 
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son of potency of adrenergic blocking agents reported herein is valid only for the 
particular time inteiTal studied. 

The finding that /3-chloro /3-phcnylethyl amines may possess adrenergic block- 
ing activity is of special interest. Dimethyl /S-chloro /3-phenylethyl amine was 
an active protective agent, the first demonstration that the aromatic group may 
be on the chloralkyl group in active compounds. This compound also showed 
strildng cholinergic effects following intravenous administration in cats, causing: 
an acute flaccid paralysis, skeletal muscle fasciculations, a fall in blood pressure 
which was blocked by atropine, a depression of the responses of the intact cat 
gastrocnemius preparation to maximal motor nerve stimuli, and contraction of 
the nictitating membrane. This compound appears to undergo rapid cycliza- 
tion at neutral pH (0.02 M solutions in O.IC M NaHCOa attained maximal 
Cl” evolution in 2 minutes) and its cholinergic effects may be ascribed to the 
resultant quaternarj' onium cation. These effects closely resemble those fol- 
lowing the administration of methyl /3-ch!oroethyl ethylenimonium ion to cats 

(5) . 

Evidence of adrenergic block in cats was manifest by reversal of blood pressure 
responses to injected epinephrine and by a reduction in the contractile responses 
of the nictitating membrane to cervical sympathetic stimulation. The latter 
was the more resistant to block, All of the compounds tested which had shown 
a protective effect in mice, caused some degree of adrenergic block in cats. There 
was little correlation of the potency on the 2 test objects, although larger doses 
were always required to induce adrenergic block in cats (table 1). In some cases 
reversal of the blood pressure responses to epinephrine was incomplete and the 
use of higher doses of the agent was prevented by its toxicity (dimethyl /S-chloro 
)3-phenylethyI amine). In general, all the adrenergic blocking agents tested 
blocked vasopressor responses to injected nor-eplnephrine and epinephrine and 
had little effect on vasodepressor responses to epinephrine and isopropyl nor- 
epinephrine. In an occasional cat nor-epinephrinc caused a slight fall in blood 
pressure after dibenaminc. 

Response to injected epinephrine was tested up to 30 minutes after a single 
dose of an agent. Tliis would cause a low estimate of the potency of compounds 
which attain maximal effect more slowly than dibenamine. 

Isolated iissitcs. Rahbit ditodenum. As reported by Nickerson and Goodman 

(6) , dibenamine had no effect on the reaction of this preparation to epinephrine. 
However in concentrations of 1:10,000 benzyl bis ^-chloroethyl amine and 
a-napthylmethyl his /3-chIoroethyl amine prevented the inhibition of the spon- 
taneous contractions caused by epinephrine. The significance of this in vitro 
effect is uncertain. 

Rabbit uterus. Non-pregnant rabbit uterus showed contractile responses to 
epinephrine ■which were completely blocked by dibenamine (1:100,000 and less). 
This effect was resistant to repeated washing. 

Papillary muscle. IMiile Nickerson and Goodman (6) found that dibenamine 
had no effect on the positive inotropic action of epinephrine as judged by changes 
in pulse pressure, it was of interest to test this directly using the papillary muscle 
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technique. Dibenamine had no effect on the excitatoiy response to epinephrine, 
nor-epinephrine, or isopropyl nor-epinephrine (table 2). Benzyl his /S-chloro- 


TABLE 1 


Mortality of LDia-m of epinephrine in mice after certain S-chloroelhyl amines 


• R ! 

R' 

INT.* 

DOSE (ifClf./KCif,) 

1 ADRENESGIC 

1 




m 


IQ 

j CATt 


R 

Mono'2-chloroetbyl amines; N— CHjCHiCl 


benzyl 

beazj’l®' ^ 

30 

1 0/30*0/10 S/IO 






10 

o-methylbenzyl 

o-methylbenzyl*‘ ^ 

30 

0/10 5/10 







16 (ino.) 



m 

10/10 









2 n-meth 3 'lbenzyl 

m-methyibenzyl^‘ 

30 

0/10 

0/10 4/10 







o-cblorhenzyl 1 

o-chlorbenzyl*' ^ 

30 ^ 

10/10 











120 

9/10 









p-isopropylbcnzyl 

p-isopropylbenzyl*' b j 

30 

9/10, 


i 







ff-naphthylmelbi’l 

ethyl* j 

30 

1 0/20 O/IO 0/10 0/20 0/10 0/10 3/20 

8/10 

5-6 

methyl 

methyl* 

30 

|10/10 

1 

1 j 

1 

1 

1 

1 


20 One.) 



1 120 

10/10 









phenyl 

ethyl^ 

30 

7/10 











120 

9/10 










2*cbloTO, 2-phenyIetbyI amines: N--CH»CH— C«H» 


metb}'I 

methyl® 

SO 

imo/io\o/ 2 o^D/io\o/io 

s /10 




benzyl 

bcnryl“'b 

m 

lO/ioj j ] 1 






Bis 2*chIoroethyl amines: R— N*=(CHjCHjCl)t 


phenyl^* 1 


so 

lo/ioj 








1 


120 

lO/JOj 








benzyl^ 


30 

3/10 2/10 0/10 0/10 

0/10,0/10 

4/10 

8/10 

8 

jS-phcnylethyl^ ' 


30 

0/103/10 







10 

T'-phenylpropyl*' 


30 

10/10 








i 


120 

l/IOO/IO 

1/10 


,1/10 5/10 



o-chlorobenzyl** 


30 

4/10 4/10 


i 

jO/10, 





p'Chlorobenzyl®' ^ 


30 1 

7/10 1 

7/10^ 

i 

1 



I 




120 

9/lol 1 


I 

[ 


1 

1 

1 

<t-naphthylmethyl* 

i 

30 

1/10 0/10 

P/JO 

O/JD 

0/lD 

0/10 

4/10 


1 

p-nitrobenzyl®' ^ 


1 30 ' 

lo/io' 

t 









120 1 

9/10, 








methyl*’’ ** 


30 

7/10 

i 








• Interval between administration of agent and injection of cpinepUrinc. 
t Approximate dose (mgm./kgm,) causing epinephrine reversal. 

The author gratefully acknowledges samples of compounds from the following sources; 
® The Lilly Research Laboratories, EH Lilly and Company, Indianapolis, Ind. 
b Chemical Corps, U. S. Army. 

® Parke, Davis and Company, Detroit, Michigan. 

^ Slcrck & Company, Inc., Rahway, N. J. 


ethyl amine was also without effect. These agents alone did not influence the 
contraction of the papillaiy muscle. 

Duration of the adrenergic blockade. Cross-circulation. E.xperiments were 
performed in cats to test the possibility that circulating dibenamine might per- 
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sist for some time after intravenous administration. One of a pair of cats was 
given a dose of dibenamine intravenously which corresponded to 20 mgm./kgm. 


TABLE 2 

Response of the isolated papillary muscle to epinephrine after adrenergic blocking 
agents 


no sax 

Dtno 

CONCTin»AT10IT 

CEANCE IM SE- 
SPOKSE (UM.) 

*1 

Epinephrine 

; 1:1,000,000 

10 -.24 


Benzyl bis P-chloroethyl amine 
+ Epinephrine 

1:500,000 

1:1,000,000 

10 -♦28 


Benzyl bis 0-chloroethyl amine 
-h Epinephrine 

1:260,000 

1:1,000,000 

12 -.32 

S2 

Epinephrine 

1:1,000,000 



a-napthylmethyl ethyl ^-chlorocthyl amine 
+ Epinephrine 

1:500,000 

1:1,000,000 

■ 

#3 

Epinephrine 

1:1,000,000 

17 -.22 


Dibenamine 
+ Epinephrine 

1:500,000 

1:1,000,000 

8 -*22 


Dibenamine 
+ Epinephrine 

1:60,000 

1:1,000,000 

4 — 17 


TABLE 3 


Cross-circulation experiments in eats 


EXFE&nCEHT 

: XHTZXVAL ATTES 
DIBENAIONE 
EE70KZ taxnrc 

DOBATIOlt OP 

DIOOD PXESS17XE KESFOKSE OP SZCIPIE^{T CAT. 
(lOrBg) TO EPUrEPHUKE (lacKOCU/ECU.) 


10 

1 30 

1 100 


min. 

min. 




A 

— 

0 

+66 (control) 




15 

30 

+26 

+26 


B 

— 

0 

+66 




40 

30 

-20 

-32 — +31 

-26 

C 

— 

0 

+106 




40 

30 

+20 

+53 


D 

— 

0 

+100 




270 

30 

+59 




of the weight of both cats. After an interval the circulations were allowed to 
mb:, again interrupted, and the recipient cat tested for evidence of adrenergic 
block by the blood pressure response to injected epinephrine. The results are 
shown in table 3. Definite evidence of adrenergic block in the recipient cat was 
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obtained 15 and 40 minutes after the administration of dibenamine to the donor, 
and in one cat an eflfect was still present after 4.5 hours. Mixing of a dye which 
is confined to the vascular space is complete in this preparation after 5 minutes 
of cross circulation (7). Cross circulation alone had no effect on the blood pres- 
sure at about the same level. These findings indicate that circulating dibenamine 
may persist for several hours after a single dose. 

Protection experiments in mice. Additional evidence for the persistence of 
dibenamine is provided bj'- experiments which utilized the ability of thiosulfate 
ion, when administered prior to dibenamine, to prevent the development of 
adrenergic block. Thiosulfate ion is distributed to the extracellular space and 
is rapidly cleared by the kidney (8). Cats given sodium thiosulfate 0.5 

TABLE 4 


Mortality of LDso-im of epinephrine in mice receiving sodium thiosulfate followed by 

adrenergic blocking agents* 


INTERVAL BE- 
TTN’EEN AGENT 
AND EPINEPH- 

DIBENAUIKE 

a-NAPHTHYIAIErHYL ETHYL 
^-CHLOROETHYL AMINE 

DIMETHYL /S-CHLOEO 
/5-PHENYLETHYL AMINE 

KINE (MIN.) 

Doset 

Mortality 

Bose 

Mortality 

Dose 

Mortality 

30 

20 

16/20 

20 

0/10 

1.0 

9/10 




' 1.0 

0/10 






0.25 

i 

7/10 



60 

20 

8/10 

1 


! 


120 

20 

0/10 

20 

0/10 

1.0 

10/10 




1.0 

0/10 






0.25 

9/10 



240 

20 

2/10 






* Sodium thiosulfate 1.0 gm./kgm. administered subcutaneously 30 min. prior to adren- 
ergic blocking agent. Dose of epinephrine 20 mgm./kgm. 
t mgm./kgm. 


gram/kgm. intravenouslj^ followed by dibenamine 20 mgm.Agna- intravenously, 
showed pressor responses to injected epinephrine when tested 30 minutes later, 
but after an interval of 2 hours showed typical epinephrine reversal. Similarly, 
mice which received sodium thiosulfate followed by dibenamine showed no pro- 
tection against the lethal effects of epinephrine when tested 30 or 60 minutes 
later (table 4). However, when epinephrine was given 2 and 4 hours after di- 
benamine in similar experiments protection was evident. This delayed epineph- 
rine protection is manifest after an interval allowing for excretion of thiosulfate 
and indicates the slow transformation of dibenamine in vivo. Similar thiosulfate 
experiments with a-napthylmethyl ethyl fi-chloroethyl amine and dimethyl 
/3-chloro )3-phenylethyl amine failed to show this delayed protection (table 4) 
and indicate a more rapid transformation in vivo of these compounds than of 
dibenamine. 

The ability of thiosulfate to prevent the adrenergic blocking effect of a-napthyl- 
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methyl ethyl /3-chloroethyl amine is limited. Thus, thiosulfate prevented the 
protective effect of 0.25 mgm./kgm. of this agent but did not alter the effect 
of larger doses (table 4). Similarly in cats, even after large doses of thiosulfate 
(1 gram/kgm.) adrenergic block sometimes follmved the injection of dibenamine, 
20 mgm./kgm., administered 5 minutes later. 

Thiosulfate had no effect on the protective action of dibenamine in mice when 
given subsequent to the dibenamine. Likewise cats which had received diben- 
amine 20 mgm./kgm. showed no change in the adrenergic block when large 
amounts of sodium thiosulfate were given. 

The duration of the protection afforded mice against the lethal effects of epi- 
nephrine was compared for 3 adrenergic blocking agents (table 5). The duration 
of effect of both dibenamine and a-napthylmethyl ethyl /3-chloroethyl amine was 
similar while dimethjd 0-chloro ^-phcnylethyl amine showed a less prolonged 
action. 


TABLE 5 


Mortalily of LDta-va of epinephrine administered io mice at varying intervals after 
adrenergic blocking agents 


IKTESVAl BETWEf.V ACEKT AND 
EPINEFBUKE 

OIBEKAUINX 

a-NAPBTnyWIETnYl. 
Etnvx ^ -CniOSOETHYl. 
AUINE 

DDOtnm. 0-CHioEo 
ff-mrimxTan auikz 

Do«* 

Mortality 

Dose 

Mortality 

Dose 

Mortality 

30 min 

20 

0/10 

0.5 

0/10 

2.0 

0/10 

5 hr. 30 min 

20 

0/10 

0.6 

0/10 

2.0 

4/10 

13 hr.. , . . .. 

20 

0/10 

5 

1/10 

6 

9/10 

24 hr 

20 

O/IO 

0.6 

8/10 

2.0 

9/10 

40 hr 

20 

8/10 

0.5 

8/10 




* mgm./kgm. 


Discussion. A considerable number of /3-chloroethyl amines have been shown 
to possess adrenergic blocking activity. The specificity of structure of active 
agents is not striking but all are tertiary substituted ^-halogenated amines in 
which at least one of the substituted groups is an aromatic ring separated by at 
least one C atom from the N atom. The following aromatic groups have been 
present in active compounds: phenyl, a-napthyl, benzhydrjd, and biphenoxy 
(1, 2). Substitution on such aromatic groups may reduce activity by altering 
the ability of the compound to undergo cyclization. Comparisons of the rela- 
tive potency of such compounds is rendered difficult by the fact that maximal 
effects are reached at different rates. However, of the agents studied thus far, 
the a-napthylmethyl i3-halogenated ethyl amines appear the most potent. 

The aromatic group may be located on the chloralkyl group in an active com- 
pound as evidenced by dimethyl /9-chloro /3-phenyl ethyl amine. While this 
compound is too cholinergic to possess therapeutic potentialities, the possibility 
exists that analogues in which the methyl groups were replaced by higher alkyl 
radicals might have less of these undesirable effects. 
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E^ddence is presented which indicates that dibenamine is transformed slowly 
in vivo. However, a-napthylmethyl ethyl ;5-choroethyI amine appears to undergo 
more rapid transformation in vivo and jmt has an action as prolonged as that of 
dibenamine. The marked insoIubOity of dibenamine at physiological pH may 
be an important factor in determining its reactivity. Because of these solubility 
characteristics it is probable that dibenamine has considerable lipoid affinity 
in vivo. The slow rate of transformation of dibenamine does not appear responsi- 
ble for its prolonged action. Rather, there is good evidence that the union be- 
tween dibenamine and the effector cell is of long duration. Thus, large doses 
of thiosulfate do not alter the adrenergic block once dibenamine has been given. 
In viiro, the effect of dibenamine in blocking excitatoiy responses of the non- 
pregnant rabbit uterus to epinephrine is resistant to repeated washing. The 
nature of this prolonged effect upon the effector cell may be due to a firm fixation 
at a receptor surface (perhaps analagous to atropine), or, as suggested by Nick- 
erson and Goodman (6), to the irreversible inactivation of some hypothetical 
enzyme system essential for e.xcitatoiy responses of effector cells to epinephrine 
or e.xcitatoiy sympathins. Both require the additional e.vplanation of why ex- 
citatory responses of the heart to injected epinephrine or to splanchnic stimula- 
tion persist after dibenamine (6). The implication is that adrenergic receptors 
of the heart differ from receptors elsewhere in muscle effectors which respond to 
epinephrine by excitation. This is supported by the finding that isopropyl nor- 
epinephrine, which is exclusively vasodepressor, causes excitation of the heart. 
Changes in heart rate may thus fail to be purely a measure of the release of ex- 
citatory sympathin. 

SUMMARY 

1. A series of /3-chloroethyl amines has been studied for evidence of adrenergic 
blocking activity by their ability to protect mice against lethal doses of epineph- 
rine. Active agents were tested for the production of adrenergic block in cats. 

2. From data reported herein and elsewhere, it appears that activity resides 
in tertiary jS-halogenated amines substituted with certain aromatic groups sepa- 
rated by at least one C atom from the N atom. 

3. Evidence is presented that dibenamine is transfoimed slowly in vivo. This 
does not appear to be responsible for the prolonged action of this and related 
compounds. 

4. The absence of an effect of such adrenergic blocking agents upon the ex- 
citatory response of the heart to epinephrine is confirmed using the papillary 
muscle technique. 
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The present communication presents data on the antidiuretic effect of certain 
derivatives of cinchoninic acid. A number of these same cinchoninic acid deriva- 
tives have been found to cause an increased excretion of uric acid in man (1, 2.) 

Methods. The antidiuretic effect of the compounds was tested on a water diuresis in 
the dog. Female dogs were used. These had been trained and were accustomed to the 
passage of a stomach tube, catheterization, and venipuncture. Several of the animals were 
subjected to perineotomy in order to facilitate catheterization. Diuresis was produced by 
giving about 40 cc. of water per kilogram by mouth. Usually, urine was obtained by cathe- 
ter every fifteen minutes. After diuresis had been established an intravenous injection of 
one of the compounds was given and the effect on diuresis noted. Precautions were taken 
to avoid the inhibition of water diuresis produced by emotional stress or afferent nerve 
stimulation (3, 4, 5). 

All compounds were first given in a dose of 20 milligrams per kilogram; a solution of the 
sodium salt was used. If effective, smaller doses were then used. All compounds have been 
tested on at least two dogs. 

Creatinine clearance was determined in the usual manner. Creatinine was given subcu- 
taneously about one-half hour and water one-half and one hour before starting clearance 
measurements. Creatinine was determined by the Folin method (6). Clearance periods 
varied from 10 to 22 minutes in length. 

Preparation of compounds. All of the cinchoninic acid derivatives other than the 
2-phenyl derivative (cinchophen) were prepared in this laboratory. Quininic acid (6-meth- 
oxycinchoninic acid) was obtained by saponification of ethyl quininate kindly supplied by 
Dr. Joseph B. Koepfli. New methods for the synthesis of 3-hydroxy-2-mcthylcinchoninic 
acid and of 3-hydroxy -2-phcnylcinchoninic acid were devised to facilitate the preparation of 
these substances in quantity. These methods arc described below. The remainder of the 
cinchoninic acids were prepared by established methods as follows: 2-hydroxy-3-phenylcin- 
choninic acid by the method of Gysae (7), 2-hydroxycinchoninic acid by the method of 
Borsche and Jacobs (8), 2-hydroxy-3-methylcinchoninic acid by the method of Meyer (9), 
2-methylcinchoninic acid by the method of Pfitzingcr (10) and both quinaldine-3,4-dicar- 
boxylic acid and quinoline-2, 3, 4-tricarboxyIic acid by the method of Mitchovitch (11). 

Z-Hydroxyqxiinaldine-4-carboxylic Acid. This substance has previously been prepared by 
diazotization of 3-aminoquinaldinc-4-carboxylic acid (Berlingozzi and Marzella, 12) and by 
dimethylation of 3-methoxyquinaldine-4-carboxylicacid (Diethe)’’ and Thelen, 13). Isatin 
(73.5 gm., 0.5 mole) was added with shaking to a cold solution of 350 gm. of 97.7 per cent 
sodium hydroxide in 1000 cc. of water contained in a 3 liter flask. When the isatin had dis- 
solved, 70 gm. (20 per cent in excess of the theoretical amount) of technical acetol ace- 
tate were added and the mixture was heated under reflux in an actively boiling water bath 
for 6 hours, then cooled to room temperature by immersion of the reaction flask in running 
water. Concentrated hydrochloric acid (appro.ximately 600 cc.) was then added until 
precipitation of the product began, then 100 cc. of glacial acetic acid were added. After 
standing overnight at room temperature, the product was collected on a 150 mm. Buchner 
funnel, washed with four 75 cc. portions of water and sucked as dry as possible. The crude 
product was suspended in 1200 cc. of water, brought into solution by the addition of 40 cc. 


> This investigation has been aided by a grant from the TJ. S. Public Health Service. 
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of 28 per cent ammonia water and the resulting solution filtered. To the filtrate, 110 cc. of 
6 N acetic acid were added slowly xvith continuous stirring. After several hours at roozn 
temperature, the product was collected on a Buchner funnel, washed with si.v50 cc. portions 
of water, sucked as dry as possible, air dried for a few days and then dried to constant 
weight at 60°. Yield, 91.4 gm. (90 per cent of the theoretical yield) of buff colored micro- 
crj'stalline powder, m. pt. 204-206° with gas evolution. 

Z-Hydroxy-S-phenylcinchoninic Acid. This substance has previously been obtained by 
the Pfitzinger condensation of isatin with phenacjd bromide. In our e.xperiencc, the sub- 
stitution of phenacylacctate for the halide and the use of less concentrated alkali for the 
conduct of the condensation results in markedly enhanced yields of cleaner material than 
s obtained by the previously published methods of synthesis (14, 15). 

TABLE 1 

Antidiurelic effect of Cinchoninic acids 


5 COOH 



8 N 


NO. 

SUBSUTOENXS 

ZTIECT 

1 

2-methyl-3-hydro.xy 

+ 

2 

2-hydroxy-3-methyl ^ 


3 

j 2-metbyl 

— 

4 

2-methyl-3-carbo.xy i 

— 

5 

2-hydroxy 

■- 

6 

6-metho.\y 

— 

7 

[ 2-3-dicarbo.\y 

j — 

8 

2-phenyl-3-hydro.\-y 

++ 

9 

2-hydro.xy-3-phenyl 


10 

j 2-phenyl 

— 


The minimal quantity of a solution of 83 gm. of 97.7 per cent sodium hydroxide in 276 cc. 
of water necessary to effect solution was added to a suspension of 73.5 gm. (0.5 mole) of isa- 
tin in 600 cc. of water contained in a 3 liter flask. To the solution obtained, there was 
added first, a solution of 90.8 gm. (0.51 mole) of phenacyl acetate in 600 cc. of warm ethanol 
and then tlie remainder of the solution of sodium hj’dro.xide. The mi.xture was reflu.xcd 
over a free flame for three hours and allowed to remain at room temperature overnight. It 
was then diluted with 1300 cc. of water and filtered to remove tarry material. To the filtrate 
with constant stirring there was added in order 165 cc. of concentrated hydrochloric acid 
and 55 cc. of glacial acetic acid. After remaining at room temperature overnight, the pre- 
cipitated product was collected upon a 150 mm. Buchner funnel, washed with four 60 cc. 
portions of cold water and transferred to a 4 liter beaker containing 1500 cc. of water. The 
solid was brought into solution by the addition of 40 cc. of 28 per cent ammonia water and 
filtered from a slight amount of insoluble matter. To the filtrate 100 cc. of 6 N acetic acid 
were added and, after several hours at room temperature, the product was separated by 
filtration, washed with four 75 cc. portions of water, dried at room temperature for a few 
days and then at 60° until constant weight was attained. Yield, 10S.7 gm. (82 per cent of * 
the theoretical) of deep yellow microcrystalline product, m. pt. 206-207° with decom- 
position. 

Results. Ten cinchoninic acid derivatives were tested. Results arc given 
in table 1. Only two of the compounds exhibit an antidiuretic effect in an intra- 
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venous dosage of 20 milligrams per Idlogram. Of these two, the phenyl deriva- 
tive appears to be more potent than the methyl derivative. Data of experiments 
with three doses of the 3-hydroxy-2-phenylcinchoninic acid are given in figure 1. 
In figure 2, data on the effect of the same compound are given; here rate of urine 
flow was measured every two minutes. 

The relation of rate of urine flow and creatinine clearance for the two active 
compounds is shown in table 2. The creatinine clearance appears to be un- 
changed during the periods of lowest rate of urine flow. 



TIME IN MINUTES 

¥ig. 1. Etfect of S-nYDBOXY-2-rKtiNTixaNcnomNic Acid on ‘Water Bicresib in Dog — 
I3ROWNBEAD HoUND, 17.5 KgM. 

At zero minutes, 40 cc. of water per kgm. given by mouth. Rate of urine flow plotted 
at middle of collection period. At arrows drug given intravenously on different days. 

# — control, no drug; — O — ;0 — 20 mgm./kgm.; — A A — 8 mgm./kgm.; 

— O O — 3 mgm./kgm. 

Experiments were done to test the efficacy of oral administration of one of the 
drugs. Figure 3 gives the data of one of these experiments. 

The 3-hydroxy-2-phenyIcinchonimc acid has been tested on two “neuro- 
hypophysectomized” dogs. In two experiments on one dog a marked anti- 
diuretic effect on a water diuresis was obtained; in two experiments on the 
other dog a slight antidiuretic effect was observed. We are not reporting the 
results in detail because complete lack of posterior hypophyseal tissue has not 
yet been confirmed on these dogs and because further experiments on “neuro- 
hypophysectomized” dogs are in progress. This derivative has also been found 
to produce a definite reduction in the polyuria and polydipsia when given by 
mouth to several cases of diabetes insipidus.- 

’ "We wish to thank Dr. Richard de Bodo of the Department of Pharmacology, New York 
University, for performing these preliminary experiments on his “neurohypophysecto- 
mized” dogs. Three cases of diabetes insipidus were studied here. We are indebted to Dr. 
Stanley E. Bradley of the Presbyterian Hospital for pving the drug to other cases. These 
studies are being continued and will be reported in detail later. 


.. Jit. AINU IV. U. tHjAiNL’llAltU 



Fig. 2. Effect of 3-HTDROxY-2-PHEN’rEciNCHONiNrc Acid on Water Diuresis in Dog — 

Spot, 12 Kgm. 

Observations started one hour after administration of 40 cc. water per kilogram by 
mouth. Urine flow recorded every two minutes. At zero minutes, intravenous injection 
of 3 mgm./kgm. of drug. 


TABLE 2 

Urine flow and creatinine clearance 


DRUG* 
KO. 1 

j 

DOSE 


1 

2 

3 

4 

B 

G 

7 

1 

1 

1 

msm./ 

kirn. 

20 

Urine Flowf 
Clearancef 

1.17 

121 

2.45 

107 

1.78t 

97 

1 

0.36 

102 

0.44 

105 

1.30 

104 

! 

2.50 

102 

1 

10 

Urine Flow 
Clearance 

1 

7.21 

92 

2.32J: 

SO 

0.62 

95 

2.78 

101 

1 


8 

10 

1 

1 

Urine Flow 
Clearance 

■ 

8.00 

97 

0.78t 

60 

0.40 

89 

0.38 

91 

i 


8 

10 

Urine Flow 

I Clearance 

0.85 
[ 60 

1 

1 2.57 

1 

3.57 

I 76 

1.06t 

47 

m 

0.44 

68 



* See Table 1. 

I Both rate of urine flow and creatinine clearance are expressed as cc. per minute. 
J Drug injected intravenously just before start of this period. 


Discussion. An inhibition of ivater diuresis may be caused by either a 
decrease of glomerular filtrate (due generally to circulatory changes) or an 
increased reabsorption of ivater by the tubule. The first type of inhibition is 
usually rapid in onset and of short duration, wliile the second type is slower in 
onset and of longer duration than the first (5). This suggests that the inhibition 
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caused by the cinchoninic acid derivatives belongs to the second type. That 
this is so is shown by an examination of the creatinine clearances. If it is as- 
sumed that the creatinine clearance measures glomerular filtrate in the dog, it 
is clear that the rate of glomerular filtration is not appreciably changed during 
the inhibition of diuresis caused by the drug. However, a decrease in the 
creatinine clearance may occur in the first period after intravenous injection of 
drug; this occurs before the most marked decrease in rate of urine flow, and may 
be due to a secondary transient vascular effect of the drug. 

A number of drugs besides posterior pituitary extract have been found to 
inhibit water diuresis. Examples are: /5-iraidazoylethylamine and ^-oxyphenyl- 



TIME IN MINUTES 

Fio. 3. Effect of 3-HYDROXT-2-rHENYLciNCHONiNic Acid on Water Diuresis in Doq 
When Gi\’en Orally. Dog — ^Brownie, 18 Kgm. 

At 2 ero minutes, 700 cc. of water by mouth. control, no drug. 

30 mgm./kgm. of drug given in gelatin capsules fifteen minutes before administration of 
water. 

ethylamine (16), atropine (17, 18, 19), yohimbine (20, 21), choline (22), acetyl- 
choline (22, 23), morphine (24), phenobarbital (25), and nicotine (26). How- 
ever, of these all which have been investigated as to their mechanism of action 
(yohimbine, acetylcholine, nicotine, morphine and phenobarbital) appear to 
produce their antidiuretic effect by an action on the central nervous system 
causing liberation of the antidiuretic hormone of the posterior pituitary gland. 
The 3-hydroxy-2-phenyIcinchoninic acid appears to act quite differentlj'’ in that 
it appears to be effective in neurohypophysectomized dogs and in cases of 
diabetes insipidus. 

SUMMARY 

A number of cinchoninic acid derivatives have been examined for their anti- 
diuretic effect in the dog. The 3-hydroxy-2-methyl and 3-hydroxy-2-phenyl- 
cinchoninic acids have an inhibitoiy effect on a water diuresis. 
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In China, for many centuries, a medicinal herb called Ch'ang Shan has been 
kno-^Ti for its antimalarial action (2-3). Its emetic and cathartic effects have 
also been described. The root is employed in medicine, although the leaves 
are also believed active. The above-mentioned Chinese references give direc- 
tions how to make a tea, a wine, or pills of the dried root of Ch'ang Shan, for the 
control of various forms of malaria. The plant, an evergreen shrub, is indigenous 
to Southwestern China. After the introduction of quinine in China, Ch‘ang 
Shan gradually became a remedy of only local interest — namely in Yunnan 
and Szechuan Provinces. 

There is much confusion about the botanical identity of Ch'ang Shan. Some 
authors named it Orixa japonica (4-5), while others called it Dichroa Jehrifxiga 
(6), Still other terminology was discussed by Yang (7). Although there has 
been no final verification, most investigators accept Dichroa fehrifuga as the 
correct name. The pharmacognosy of Ch^ang Slian and its cultivation have 
recently been presented by Yu (8). 

Several Japanese workers became interested in Ch'ang Shan, and studied 
its history, histology, and geographical distribution (9-10). Terada and his 
co-workers failed to show the efficacy of the infusion of Ch'ang Shan iri the 
Plasmodium infection of canaries (11). They, too, ran into controversy over 
its botanical identity (9, 12-13). Since Terasaka's chemical investigation (13) 
was carried out with the Japanese variety of Orixa japonica, his results do not 
apply to Ch'ang Shan. 

During the Japanese occupation of Eastern China in World War II, the 
Chinese government was forced to move to Chungking, a city in Southwestern 
China. With it, was the migration of large masses of people from coastal and 
central provinces. Unfortunately, Southwestern China is a pandemic area of 
different forms of malaria. A large portion of the new population, including the 
governmental and military personnel, fell victims of malaria, and sustained a 
high mortality rate. Meanwhile, the Dutch East Indies were lost to the Japa- 
nese, resulting in a cut-off of 90 per cent of the world’s supply of quinine to the 
allies. Under this desperate condition, the Chinese immediately directed their 
attention to crude drugs of their own, including Ch'ang Shan. 

Scientific studies were initiated in Chinese governmental laboratories. Al- 
though the preliminary note of Liu and his associates (14) was not enlightening, 
their results with the crude powder in humans seemed to indicate that the herb 

I Read in part at the Fall Meeting of the American Physiological Society at Minneapolis, 
Minnesota, on September 17, 1948 (1). 
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was efficacious in the treatment of tertian malaria. The work was continued at 
the National Institute of Health by Jang and his colleagues (6, 15-17), and the 
therapeutic effect of the extract of Ch'ang Shan in 13 clinical cases was con- 
firmed. Progress was made when Chou and his co-workers (18-19), at the 
Institute of Materia Medica, Shanghai, announced the isolation of 3 isomeric 
alkaloids in crystalline form, of which 7-dichroine was the most active in 
gallinaccum infection of chickens. 

In the United States, the Board for the Coordination of Malarial Studies 
became interested in Ch'ang Shan, and assigned to it the survey number 
SN-10,767 (20). In cooperation with the Board, our laboratories purchased in 
the fall of 1942 360 pounds of Ch'ang Shan from Chinese drug shops in different 
localities — Honolulu, San Francisco, Vancouver, B. C., Chicago, New York 
City, and Havana. In addition, we imported 500 pounds from Chungking, 
China, by an American military plane. Koepfli, Mead, and Brockman (21), 
using the extracts we prepared, succeeded in isolating 2 isomeric alkaloids, one of 
which, febrifugine, is about 100 times as active as quinine (Q value of 100) 
against P. lophurae in ducks. Kuehl, Spencer, and Folkers (22), worldng 
independently, also obtained 2 isomeric alkaloids having Q values of 8 and 16, 
respectively, against P. gallinaceum in chicks. It is interesting that the proposed 
empirical formula of the two groups of American investigators is the same, 
namely, CicHigOjNs. It also agrees with the formula of the Chinese workers, 
published in their preliminary note (18), but differs from the revised formula of 
their second paper (19) by 2 atoms of hydrogen. 

Ch'ang Shan has been studied in England by Tonkin and Work (23) and 
Hooper (24). The latter separated a glucoside, but failed to find any alkaloids. 

Dr. T. Q. Chou, Director of the Institute of Materia Medica, Shanghai, made 
available to us a generous supply of y-dichroine. Our study was limited to the 
estimation of its antimalarial activity, determination of its activity, and assess- 
ment of its effects on blood pressure, respiration, gastrointestinal tract, blood 
sugar, and body temperature. The material w^as crystalline-white, was in 
needle-form under the microscope, and melted at 160°O. (corrected). The 
alkaloid required dilute acid for solution — a volume of 3.42 cc. of N/lOO HCl 
for every 10 mgm. of y-dichroine. For pharmacologic experiments, a fresh stock 
solution of 0.1 per cent w'as prepared. 

1. Anlmalarial Activity, (a) Ducks. The method of study ivas similar to 
1-2 already described (25), with certain modifications. Briefly, ducklings, 4- 
w^eeks-old, were infected with P. lophurae by transfusion of blood from another 
duckling previously infected with the same organism. The infecting dose 
was 2 billion parasitized red cells per kgm. of body 'iveight. Each animal ivas 
treated wdth y-dichroine by intravenous injection within the first 4 hours, and 
again wdthin 8 hours, after inoculation. The medication Avas continued for 
5 days, 3 times a day. On the sixth day, parasitized erjdhrocytes were counted 
on thin films. Control animals wdth quinine, and ivithout any medication, ivere 
run at the same time. A total of 134 ducldings w^ere used. 

The results are summarized in table 1. It should be observed that ducklings 
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without treatment developed an average parasitemia of 80 per cent. The dose 
which caused 40 per cent paraatemia was therefore considered the median 
suppressive dose (SDso), and was calculated from the straight lino fitted to the 
data by the method of least squares when average parasitemia in per cent was 
plotted against the log dose. The standard error in each case was omitted. 
As shown in table 1, the SDh for y-dichroine is 0.064, and that for quinine 9.490, 
mgm. per kgm. The Q value of y-dichroine, namely, the ratio between 9.49 and 
0.064, is therefore 148. 


TABLE 1 


Antimalarial activity/ of y-dichroinc in birds 


ANIUAX. 

Plamoiium 

btac 

DOSZ 

}9WSES or 
ANnuis 
VStD 

AVCKACE 

rA&A- 

StTCmA 

i 

SDm 




ntm./kim. 


% 

fnsm /kfm. 

Duckling 

lophurac 

-y-Dichroine 

0,10 

5 

\ 6.3C 





0,09 

5 

23.40 





0.08 

5 

30.00 





0.07 

6 i 

46.20 





0,06 


18,40 





0.05 

5 1 

60.40 





- 

20 

80.00 





12.00 

21 ' 

n.ci 


1 



10,00 

33 

38.39 





7.50 


W.67 


Canary 

rdicium 

Y'Dichroinc 

0.16 ■ 

9 

14.00 : 

0.346 




0.11 

18 

18.11 





O.OS 

6 

28.20 




None 

- 

19 

2S.57 




Quinine 

20.00 

13 

14.69 

20.000 




16.00 

5 

29.20 



(6) Canaries. A similar test was carried out in canaries infected with P. 
relichm- according to our procedure I-l (25), with the exception that medication 
was given by vein and continued for 5 days, and that parasitized erythrocytes 
were counted on the sixth day. A total of G9 birds were employed. It will he 
noted that the SDm of y-diehroine is 0.146, and that of quinine 20, mgm. per 
kgm. The Q value of y-dichroine in canaries against P. relictum is therefore 137. 

(c) Monkeys. Dr. Leon H. Schmidt, Director of the Institute of Medical 
Research, Christ Hospital, Cincinnati, kindly administered y-dichroine by 

* IVc are indebted to Dr. Clay G. Huff, Cbiet Parnsitolo^st, Naval Medjc.al Research 
Institute, National Naval Medical Center, Bethesdn 14, Maryland, for his generous supply 
of this organism. 
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stomach tube to rhesus monkeys infected with P. cijnomolgi.. Since Dr. Schmidt 
will, publish his results in detail, it suffices to mention that doses of 7-dichroine 
ranging from 0.4 to 0.8 mgm. per kgm. definitely reduced the parasitemia, and 
one of 1.6 mgm. per kgm. cleared the blood stream of parasites to such an extent 
that a thick film showed no count (26). 

, 2. ■ Toxicity. The acute toxicity of ^-dichroine was determined in starved 
albjno mice by both intravenous and oral administration. These studies were 
made on the same day, with the same solution, and on the same group of mice. 
Death occurred in 48 to 72 hours. As shoivn in table 2, the median lethal dose 
(LDeo) by mouth is 2.74 ± 0.41, and by vein, 10.0 db 0.50, mgm. per kgm. It is 
of particular interest that this alkaloid is approximately 3^ times as toxic when 
given orally than by vein. 

Repeated intravenous injections at different dose levels were given to mice in 
an attempt to obtain some Imowledge of any pathology which might occur. 
Necropsy was performed immediately following the death of the animal. Table 3 


TABLE 2 

The acute toxicity of y-dickroine in mice 


ROUTE OP ABMINiStRATION ^ 

DOSE 

KUUBER DIED 

NDHBER USED 

ri: S. E. 


tngm./igm. 


mim./igm. 

Intravenous 

8.0 

1/10 

10.0 ±0.6 


10.0 

5/10 


i 

12.5 

9/10 


1 

16.0 

10/10 


Oral 

0.625 


2.74 ± 0.41 


1.25 




2.5 




5.0 




8.0 

10/10 



summarizes the results of this work. Of the 27 animals which came to necropsy, 
one animal showed parenchymatous degeneration of the Iddney with some 
necrosis. Twelve animals (44.4 per cent) showed hydrops of the liver char- 
acterized by large, vacuolated hepatic cells, as illustrated in figure 1. The 
same lesion occurred after 7-dichroine was injected subcutaneously or intra- 
peritoneally (table 3). 

3. Emetic Action. 7-Dichroine produced vomiting in pigeons. Mien it was 
administered by vein to starved pigeons, the initial episode of vomiting occurred 
in 15 to 30 minutes. This was followed by repeated attacks of vomiting at 
6- to 10-minute intenmls. The incidence of vomiting with different doses over 
the number of birds used is as follows: f on a dose of 0.1, f on one of 0.2, and | 
on one of 0.3, mgm. per kgm. The median emetic dose (EmDso) is 0.132 ± 0.04 
mgm. per kgm. It would appear that 7-dichroine is responsible for vomiting 
in man when Ch'ang Shan or its extract is used in the treatment of malaria 
(2,3, G, 14, 15). 
















Kio, 1. Hydropic Deornkration ok the Liver 
Mouse 1, ivoiKhinj; 23.5 gm., received a dailv dose of 4 mgrn, per kgm. of 7*dic}iroinc by 
intruperitoHcal injection. It died foilowing the eighth dose. 


T.MJLI-: 3 


Results of tcpcafeil tnjecltom of y-dtehroiue in uiicc 


DOSF 
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1 

1 PVTHIILOGI 

1 
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2 

5 

14 

1 

Intravenous 

5 

1 Hydrops of liver; 1 parcnchy- 

4 

5 

: 8 

Iutr.ivcnous 

4 

matnua degeneration of kidneys 
4 Pulmonary edoina and atrophy 

S 

1 

5 

j 

4 

Intravenous 

4 

of thymus 

2 Hydrops of liver 

10 

10 

1 ^ 

Intravenous 

5 

All showed minimal or slight 

4 

5 

i s 

Sulioutaiicous 

4 i 

hydrops of liver 

2 Hydrops of liver 

4 

5 

i 7 

Intraperitoncal ' 

5 1 

2 Hydrops of liver 


showed a fall in blood pressure of 20 mm. Hg following the intravenous injection 
of 4 mgm, per Ugm. There was a transient increase in respiratory rate. Smaller 
doses, such as one of 2.5 mgm. per kgm., produced very slight, changes in both 
blood pressure and respiration, as c.\cmplified in figure 2. 
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o. AcHon on InlesHnc. As shown in figure 2, a dose of 2.5 mgm. per kgm. 
of Y-dichroine caused an increase in duodenal peristalsis in anesthetized dogs. 
The duodenal movements were recorded by a balloon through a Harvard mem- 
brane manometer. The increase in activity began 5 to 10 minutes following 
injection and lasted for 2 to 3 hours. This picture was duplicated in 3 other 
dogs. Following decerebration and pithing, and also double vagotomy, the 
alkaloid produced the same stimulation of intestinal activity. With atropiniza- 
tion, the stimulating action of y-dichroine was inhibited for a short time. 

In 4 non-anesthetized rabbits, doses of 5 and 10 mgm. per kgm. of the alkaloid 
induced marked diarrhea in 30 minutes following intravenous injection, which 
persisted for 5 to 6 hours. Ten non-anesthetized rats also developed pronounced 
diarrhea — each following a dose of 2.5 mgm. per kgm., 5 by intravenous injection 







t r-OlCMROiNt 2>SMC/K& 


BP——— 

Fig. 2. Action of t'-Dichroine on Respiration, Bloou Pressure, and Duodenum 

Dog 6816, weighing 6.1 kgm., was anesthetized with ‘Sodium Amytal’, 70 mgm. per 
kgm. Tracings from top down arc respiratory movements, duodenal movements, carotid 
blood pressure, time in minutes, and baseline. y-Dichroine was injected intravenously. 

and 5 by oral administration. AVhen isolated strips of the rabbit’s ileum were 
immersed in Locke-Ringer’s solution, y-dichroine inhibited the activity, as shown 
in figure 3. This action is entirely opposite to what maj^ be expected as far as 
diarrhea is concerned. It is also not in agreement with the results in anesthetized 
dogs in which stimulation is the predominant feature of y-dichroine. On account 
of the limited quantity of the alkaloid at our disposal, this phase of the study 
was not continued. 

6. Blood Sugar- The effect of y-dichroine on blood sugar was determined in 
albino rabbits. Fasting blood sugars were determined the method of Hage- 
dorn and .Jensen (27), and the alkaloid was given by vein. Blood samples were 
taken after injection at 15 and 30 minutes, and 1, 2, 3, 4, 5, and 6 hours. Doses 
of 5 and 10 mgm. per kgm. in 4 rabbits gave very erratic blood sugar cuiwes 
which can best be explained by the severe diarrhea produced, as mentioned 
above. A do.se of 2.5 mgm. per kgm. in 3 additional rabbits caused a riseof 
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blood sugar, reaching a maximum in 3 to 4 liours. This dose was not followed 
by diarrhea. Figure 4 illustrates the blood sugar changes of these 3 animals. 



tr-DICHROlNE lOMGM. 
1 
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Fig. 3. Action of 7 -DtcHnoiNE on the Isolated Hadiut’s Ileum 
The final concentration of 7 -<Ucl«roinc In the bath was 1;]0,000. Note the inhibition of 
peristalsis which lasted more than 15 minutes 



Fio. 4. Action or 7 -DicimoiNE on Blood Sugab 
The sexes and body weights of the 3 rabbits were as follows: No, 9963, female, 2. OSSkgm.: 
No. 3187, female, 1.890 kgra., and No. 3191, female, 1.875 kgm. Each animal received 
7 -dichroinc in the dose of 2.5 mgm. per kgm. intravenously. 

7. Antipyretic Action. Previous investigation by Liu and his co-workers (14) 
revealed that the extract of Ch*ang Slum had an antipyretic action. It was 
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thus desirable to test the alkaloid for this action. The method of Smith and 
Hambourgei (28) was employed. Briefly, albino rats were injected subcu- 
taneously with a 3'east suspension 18 liours prior to the test period. Rectal 
temperatures were taken by the use of a thei’mocouple. Acetylsalicylic acid 
was tested simultaneously and used as a standard for antipyretic activity. As 
shown in figure 5, y-dichroine in a dose of 2.5 mgm. per kgm. orally in 5 rats 
has an antipyretic activity of greater magnitude and longer duration than 
acetylsalicylic acid. The dose of the latter was 25 mgm. per kgm., and the 
number of rats used was also 5. 



Fig. 5. The .Antipyretic .Action of -y-DicHHOiNE 

Each curve represents the average difTcrcnccs of rectal temperature of a group of 5 rats 
from that of a control group of 5 rats, which occupies the straight line. All animals received 
a yeast suspension 18 hours prior to the temperature readings. 

Discussion. y-Dichroine is unquestionably a potent antimalarial alkaloid in 
birds. It is also effective in monkey malaria, and, in all probability, is respon- 
sible for the activity of Ch'ang Shan or its extract in human malaria. These 
results substantiate the observations made by the Chinese many centuries ago. 
It is doubtful, however, that y-dichroine can replace quinine, chloroquine, or 
other antimalarial agents, because it tends to cause nausea, vomiting, diarrhea, 
and hydropic degeneration of the liver in animals. Furthermore, it will be 
extremely costly to manufacture the alkaloid in large quantities from the root 
of the plant. A better plan is to synthesize and investigate the derivatives of 
quinazolinc, since the latter is a degradation product of y-dichroine (19). 

Whether or not y-dichroine is identical with febrifugine (21) and alkaloid II 
of Kuehl and his associates (22) will require further investigation. The Chinese 
and American cliemists arrived at about the same composition by combustion 
analysis. There is a definite discrepancy, however, in their physical constants. 
All three groups obtained isomeric alkaloids of lower antimalarial potency. 
Direct comparison of the samples from the 3 laboratories is in order. 

It is curious that y-dichroine, in contrast with most other drugs, is roughly 
3| times as toxic to mice orally as intravenously. No adequate explanation is 
on hand. Either elimination is extremely rapid by vein, or decomposition 
takes place in the gastrointestinal tract, and the degradation products are 
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especially toxic to the animal. In our laboratory, it was previously noted that 
the soluble derivatives of 4, 4-diamino-l, 1-diphenyl sulfone were also more 
toxic by mouth than by vein (unpublished data). 

For want of material, several questions were left compleitely unanswered. 
The stimulating action of 7 -dichroine on the dog’s duodenum and the inhibiting 
action on the isolated rabbit’s ileum need further exploration. Although the 
emetic action following intravenous injection is probably central in origin, it 
deserves more work to exclude the local action. It is also desirable to determine 
how the hyperglycemia is brought about. 

SUMMARY 

1. 7 -Dichroine, an alkaloid of Ch'ang Shan, has a Q value of 148 against 
Plasmodium lophurae in ducklings, and a Q value of 137 against P. rdiclum in 
canaries. It is also active against P. cynomolgi in monlceys. 

2. 7 -Dichroine in a single dose is approximately 3^ times as toxic to mice by 
mouth than by vein. Repeated administration of 7 -dichroine in mice may 
result in hydropic degeneration of the liver. 

3. 7 'Ilichroine induces vomiting in pigeons follo^ving intravenous injection, 
the EmDfio ± S. E. being 0.132 ib 0.04 mgm. per kgm. 

4. 7 -Dichroine has no effect on blood pressure and respiration in anesthetized 
dogs in the dose of 2.5 mgm. per kgm., but slightly lowers blood pressure with an 
acceleration of the respiratory rate in the dose of 4 mgm. per kgm. 

5. 7 -Dichroinc stimulates duodenal peristalsis in anesthetized dogs, but 
inhibits the activity of the isolated rabbit’s ileum. It causes diarrhea in non- 
anesthetized rabbits and rats following intravenous injection. 

6 . 7 -Dichroine produces hyperglycemia in rabbits in the dose of 2.5 mgm. per 
kgm. when injected intravenously. In rats, the same dose when given by mouth 
shows a slightly greater antipyretic action than acetylsalicylic acid. 

Acknowledgment. The authors are indebted to Messrs. C. E. Powell, H. M. 
Worth, and J. H. Wheeler for their invaluable assistance in many of the 
experiments. 
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Introduction. Heinz bodies, also kno\vn as Heinz-Ehrlich-, inner- or inclu- 
sion bodies, are retractile granules or particles sometimes found in erythrocytes.^ 
These bodies were named after the pharmacologist, Robertz Heinz, who in 1890 
(2) discovered them in the red blood cells of animals poisoned by certain aromatic 
compounds. In general, such formation was limited to phenylhydrazine and 
its derivatives, as well as to some aromatic amino and nitro compounds, although 
hydroxylamine and chlorates were found to have similar action. The work of 
Moeschlin and Hurschler (3-7) on the formation of Heinz bodies both in vivo 
and in vitro by certain sulfonamides caused renewed interest in the subject. 
Since the initial work of Heinz, more than a hundred investigations have been 
carried out in the attempt to elucidate the chemical nature of Heinz bodies, to 
account for their mechanism, and to devise methods for staining and differentiat- 
ing them from similar particles. 

During an investigation of the effect of stibine (antimony hydride, SbHs) 
on experimental animals, the presence of small retractile granules was occasionally 
noted in the erythrocytes of these subjects. Tliese granules were first observed 
by us in mice and guinea pigs and later in other species and it was initially 
assumed that they were Heinz bodies. In the course of work with other hemo- 
lytic and chemical substances similar inclusion bodies were noted. This research 
was undertaken in order to investigate their behavior and to establish their 
identity. Due to the exploratory nature of the study, fewer animals were used 
in testing each substance than ^vould be necessary for statistical evaluation of 
the data. Since this work was incidental to the stibine study, to be reported 
elsewhere, further work is not contemplated at the present time. 

Methods of observations of Heinz bodies. Using wet preparations of blood, the 
small, colorless retractile granules in the erythrocytes were stained blue with methyl violet 
dye, in the manner suggested by Heinz (2). 

As used in this work, 2.93 grams of methyl violet dye (C.I. C80: dye content 88 per cent) 
is shaken with 100 cc. of 0.6 per cent sodium chloride solution, filtered and diluted with an 
equal volume of 0.85 per cent NaCl. This results in an approximately half-saturated 
solution of the dye in 0.73 per cent NaCl. In use, a drop of this solution is placed on a 
slide, and covered with a slip containing a small drop of blood on the bottom surface. 
After standing for 2-3 minutes the staining of any Heinz bodies present should be nearly 
complete. Observations under high power (1400-1500 X) are best made on thinner fields 
where the red cells arc sufficiently separated to enable counts to be carried out. Using 
critical illumination and by focusing up and down, blue particles as small as a fraction of a 


^ A review of the extensive literature on Heinz body phenomenon has been given else- 
where (1). 
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micron can be seen, the rolling of the cells during movement facilitating this observation. 
Using this technique, the occurrence of the so-called Rand bodies (8), which might be 
confused with Heinz bodies, was only rarely observed. Almost mthout e.xception the 
Heinz bodies were found only in mature red cells, the reticulocytes only rarely shon'ing 
these particles. 

Usually 8 or 10 fields were e.xamincd for the presence of Heinz bodies if few were seen. 
However, when these were numerous a count was made, usually 100 or 200 cells being care- 
fully studied. The number of red blood cells having one or more blue particles was deter- 
mined and a rating was made in accordance with the follomng scheme: 


Percentage showing Heins Mies Evaluation 

Occasional ± 

1-10% -j- 

11-40% 2+ 

41-75% 3-1- 

76-100% 4-1- 


During the investigation of this phenomenon a new technique for staining these granules 
in smears was worked out (9). This involved treatment of the fresh air-dried smears with 
0.2 per cent methyl violet in 95 per cent ethyl alcohol for one-half minute. It was found 
that preliminary fixation with methyl alcohol resulted in shedding of many of the particles 
from the erythrocytes and these could be seen on the slide. With the new technique the 
granules were fixed sufficiently to hold them within the cells while they were being stained. 
Some of the granules, however, were removed initially from the cells through trauma 
produced by the smearing operation. For these reasons the number of intraerythrocytio 
particles was much greater in the wet preparations than it was in the fixed slides. Hence 
the former method was preferred except for photographic purposes. By means of a special 
technique, using electronic photoflash equipment (10), photomicrography of Heinz bodies 
in wot preparations was found to be practicable. 

iSxPERiMENTAit mocEDURES. A number of chemical substances were used e.xperi- 
mentally In order to investigate the production of so-called inclusion bodies in the erythro- 
cytes, -several kinds of experiments being tried. 

In the experiments made in vivo, stibine, a volatile substance, was administered to 
various species of animals in exposure chambers at predetermined concentration levels. 
Ordinarily a single one-hour exposure was used but with higher concentrations the time was 
often shortened. Sulfanilamide was given either by intraperitoneal injection of an aqueous 
solution, or of a suspension in gum acacia, or by using a 0.3 per cent solution of the material 
in the drinking water. Aqueous solutions of the remaining substances were ordinarily 
used for intraperitoneal injection, the dosage being calculated in terms of mgm./kgm. 
body w'oight. 

The animals used in these experiments were drawn from the stock colony of the National 
Institutes of Health and only those in apparent good health wore used. Care was taken to 
test the blood of the animals to be used experimentally and reject those showing more than 
an occasional inclusion body (± rating). The w’hite mice used -o'ere of the N.I.H. strain, 
derived ik turn from the white Swiss variety. 

■ Finally, a few tn vitro e.xperiments were conducted using freshly shed mouse or guinea 
pig blodd; ‘ One cc. of blood w.as mixed with 25 cc. of solution composed of 7 vol. of Locke’s 
solution '(ll) to 3 vol. of water and containing the to.xic substance in the desired concentra- 
tion. After testing blood from tail or ear for Heinz bodies, the animal was bled and the 
blood was mixed immediately with the solution. The mixture was incubated at 37°C. and 
tests wore made on the red cells at various intervals thereafter in the manner described. 

Action of stibine. Using wet blood preparations, it was observed that 
refractile granules appeared in mature erjdhrocytes of mice immediately follow- 
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ing a single one-hour exposure to stibine at a concentration level of 70 pip.m« 
With a guinea pig given a similar exposure, the granules appeared after a -few 
hours. Within six hours, 90 per cent and 75 per cent of the mouse and guinea 
pig cells, respectively, showed similar alterations. 

Continuous observation over a period of 24 hours was carried out on 20 guinea 
pigs exposed to 53 p.p.ra. of stibine for 1 hour. Hematological examinations 
were made immediately following exposure and every 4 hours thereafter. One 
animal died shortly after the end of the exposure. Of the remaining 19 animals, 
4+ inner bodies were showm by 16 within 8 hours and by all within 12 hours. 
In 2 animals one or more tiny particles were present in small numbers -within 
4 hours. Blood destruction was evidenced not only by hemolysis and drop in 
red count but by hemoglobinuria in all but one animal. The inner bodies were 
present in the blood of all guinea pigs Avhcn they were sacrificed at the end of 
3 days, varying in amounts from d= (1 animal) to 4+ (7 animals). Gro\vth in 
the size of the particles over the three-day period was quite evident. Similar 
results were noted in another series of 25 guinea pigs, having a single exposure to 
stibine, all of the animals showing the presence of intracrythrocytic particles 
when examined 24 hrs. after exposure. Fig. 1 shows the typical appearance of 
inner bodies in erythrocytes from a guinea pig 4 days after exposure of the 
animal to stibine. 

The rat is apparently more resistant, for the bodies appeared later and were 
less numerous than in the other species. The granules were observed also in 
rabbits, cats, dogs, and monkeys. 

The bodies were found to persist for relatively long periods of time. In mice 
they were observed for 55 days, in a rat for 33 days and in a guinea pig for 1 1 days 
following a single exposure to stibine. These granules stained well with methyl 
violet and gentian violet, both supravitally and in smears, and they were insoluble 
in water, dilute acetic acid and ethyl and methyl alcohols. Their sizes varied 
with the species, the particles usually being much smaller in guinea pigs and 
rabbits than in mice. Furthermore, the particles had all the morphologic 
characteristics described by Heinz in his ori^nal communication (2). It seems 
evident, therefore, that the bodies produced by stibine are identical ^rith the 
Heinz bodies described so many years ago. 

Attempts were made to produce Heinz bodies in vitro by passing stibine 
through heparinized blood of various species of animals. Although morphologic 
changes were evidenced by the formation of spine cells with guinea pig blood, 
no Heinz bodies were observed in any case. 

Action of sulfanilamide. Using the method of Figgc (12), Heinz bodies 
were produced in mice given a 0.3 per cent solution of sulfanilamide for their 
drinking water. In less than 24 hours the presence of blue-staining refractile 
granules could be observed when using the supravital technique mentioned 
above. Fig. 2 shows the appearance of the Heinz bodies, using the electronic 
photoflash technique (10) to stop the motion of the cells in the supravital prepara- 
tion. At first the particles appeared as tiny strands or dots, many of which 
exhibited Brownian motion, and even the smallest ones could be easily seen as 
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the cells rolled over and came into focus. These intraerythrocytic bodies were 
found to stain well with methyl violet and in both morphologic and chemical 
behavior they exhibited the properties of Heinz bodies. 

It was characteristic that as these particles developed they became larger and 
more nearly round in shape and at times they appeared to protrude and were 
attached to the cell by a thick membrane. Only rarely were the Heinz bodies 
observed leaving the cells but apparently they do so, since the particles were 
seen outside the cells and they were easily extruded on smearing blood containing 
these granules. Fig. 3 illustrates this extrusion of Heinz bodies. 

Intraperitoneal injection of sulfanilamide in mice at levels of 1000 mgm./lcgm., 
comparable to that used in the above experiments, resulted in Heinz bodies 
in the erythrocytes 2-3 lirs. after injection, a + and 2+ response being observed 
in 2 animals after 24 hrs. 

The chronic effect of sulfanilamide, with prolonged Heinz body formation, 
was studied by administering 0.3 per cent solution of this drug as drinking water 
to white mice for a period of 6 months. The experimental group consisted of 
3 males, 2 additional males being used as controls. In the first month, during 
the cleaning of the nests, one of the male test animals was inadvertently replaced 
by a female. This resulted in pregnancy so that it was of interest to study the 
offspring. During the test period 6 litters, or a total of 35 mice, were born to this 
mother. All of the young appeared to be in good health and Heinz bodies 
were not present in the newly born mice during the suckling period. An experi- 
ment in which sulfanilamide crystals were implanted in a suckling and in a 
mature mouse resulted in finding Heinz bodies in the blood stream of the mature 
but not of the young animal. Intraperitoneal injection of another pairofmice 
with the same substance (1000 mgm./kgm.) resulted in a maximum response of 
-+• (1 per cent) and 2+ (16 per cent) for the suckling and the mature animal, 
respectively. 

On supravital biweeldy examinations, Heinz body estimations throughout 
the 183-day period were always 44- on all of the treated mice, the controls being 
negative during the entire period. During the later stages the Heinz bodies were 
very large, exhibiting poor to moderate staining qualities. Numerous erythro- 
cytes were seen to have more than one inclusion body. 

Before sacrificing the animals at the end of the sbc-month (183-day) period 
blood was taken and urine was secured from the bladder of each animal. No 
hemoglobin was found in any urine sample. Blood from the female mouse 
appeared to be quite normal with the exception of finding 4+ Heinz bodies. 
The liver and kidnej^s of this animal were normal but the spleen was very black 
and large. The data for the male test group are summarized in table 1. 

The organ: body weight ratios for livers and kidneys did not differ greatly 
in the treated and the control groups; the spleens of the treated animals, although 
having higher ratios than those for the control group, were below the average 
found for animals of this weight (13) and hence did not indicate enlargement. 

The histopathologic examination revealed no significant changes in the 
hearts or lungs of the test animals. The spleens showed 2-f- to 4+ iron, ± iron 
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in an occasional convulutcd tubule and + iron in the KiipITer cells of the liver 
of one animal. 



Fto. 1. Heinz Bodies Formed IN VIVO Br Stibine. Smear of Guinea Pio Blood. X CCO 
Fig. 2. Heinz Bodies in Wet Prebaration of ^[oU5E Blood. X C60 
Fig. 3. Extrusion of Heinz Bodies. Stained Ssiear op Mouse Blood. X GOO 
Fig. 4. In vitro Formation of Heinz Bodies byPhenylhydrazinb. Wet Preparation 
OF Guinea Pig Blood. X 1350 

From the data given it will be noted that the prolonged ingestion of sulfanil- 
amide had little influence on weight, red cell count, hemoglobin or hematocrit 
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the cells rolled over and came into focus. These intraerythrocytic bodies were 
found to stain well with methyl violet and in both morphologic and chemical 
behavior they exhibited the properties of Heinz bodies. 

It was characteristic that as these particles developed they became larger and 
more nearly round in shape and at times they appeared to protrude and were 
attached to the cell by a thick membrane. Only rarely were the Heinz bodies 
observed leaving the cells but apparently they do so, since the particles were 
seen outside the cells and they were easily extruded on smearing blood containing 
these granules. Fig. 3 illustrates this extrusion of Heinz bodies. 

Intraperitoneal injection of sulfanilamide in mice at levels of 1000 mgm./kgm,, 
comparable to that used in the above experiments, resulted in Heinz bodies 
in the erythrocytes 2-3 hrs. after injection, a + and 2+ response being observed 
in 2 animals after 24 hrs. 

The chronic effect of sulfanilamide, with prolonged Heinz body formation, 
was studied by administering 0.3 per cent solution of this drug as drinking water 
to white mice for a period of 6 months. The experimental group consisted of 
3 males, 2 additional males being used as controls. In the first month, during 
the cleaning of the nests, one of the male test animals was inadvertently replaced 
by a female. This resulted in pregnancy so that it was of interest to study the 
offspring. During the test period 6 litters, or a total of 35 mice, were bom to this 
mother. All of the 5 ’’oung appeared to be in good health and Heinz bodies 
•were not present in the newly born mice during the suckling period. An experi- 
ment in which sulfanilamide crystals were implanted in a suckling and in a 
mature mouse resulted in finding Heinz bodies in the blood stream of the mature 
but not of the young animal. Intraperitoneal injection of another pairofraice 
■noth the same substance (1000 mgm./kgm.) resulted in a maximum response of 
+ (1 per cent) and 2+ (16 per cent) for the suckling and the mature animal, 
respectively. 

On supravital biweekly examinations, Heinz body estimations throughout 
the 183-day period w^ere always 4+ on all of the treated mice, the controls being 
negative during the entire period. During the later stages the Heinz bodies were 
very large, exhibiting poor to moderate staining qualities. Numerous erythro- 
cytes were seen to have more than one inclusion body. 

Before sacrificing the animals at the end of the six-month (183-day) period 
blood wms taken and urine was secured from the bladder of each animal. No 
hemoglobin was found in any urine sample. Blood from the female mouse 
appeared to be quite normal with the exception of finding 4-|- Heinz bodi«. 
The liver and kidneys of this animal were normal but the spleen was very black 
and large. The data for the male test group are summarized in table 1. 

The organ; body weight ratios for livers and kidneys did not differ greatly 
in the treated and the control groups; the spleens of the treated animals, although 
having liigher ratios than those for the control group, were below the average 
found for animals of this weight (13) and hence did not indicate enlargement. 

The histopathologic examination revealed no significant changes in the 
hearts or lungs of the test animals. The spleens sho'wed 2 -\- to 4-1- iron, ± 
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however, a 4+ and a 2+ response were found with a guinea pig and a rabbit, 
respectively, in J hr. after injection. Within 3 hrs. the rabbit also had a 4+ 
reaction. Other e.vperiments with this same compound confirmed this finding 
that for a gh'en dosage level fewer Heinz bodies were found in the rabbit than 
in the guinea pig. 

At a dosage level of 50 mgm./kgm., acetylphenylhydrazine by intraperitoneal 
injection was found to produce 4+ Heinz bodies in mice within J hour. 

In vitro action of phenylhydrazine was found on mixing whole mouse blood 
with 7 :3 Locke’s solution containing 0.5 mgm. per cent of the drug, a few Heinz 
bodies being seen after 15 minutes, 2+ (35 per cent) after 2 hrs. and 4+ after 
5 hrs. 'VlTien the concentration of phenylhydrazine was increased to 10 mgm. 
per cent no Heinz bodies could be found, the drug appearing only to attack the 
erythrocytes and causing them to disintegrate. 

Similar experiments with guinea pig blood showed that at 20 mgm. per cent 
of the drug fewer Heinz bodies were found than when the concentration was 
1 mgm. per cent. The chief action in the former case appeared to be the forma- 
tion of knobby cells and alteration of the cell membrane which took a deep stain 
with methyl violet. At the lower concentration -f (4 per cent) Heinz bodies 
were found in 1 hr. and 4-1- (87 per cent) in 6 hrs. Fig. 4 is a photomicrograph 
of this wet preparation taken at the 6 hr. interval. Since the cells were moving, 
only a few of the Heinz bodies are in focus. 

It is evident from these experiments that phenylhydrazine and its acetyl 
derivative are very effective in forming Heinz bodies, and changes in the eiythro- 
cytes of the mouse and other species can be detected within a few minutes under 
suitable conditions. 

Action of other chewcab .agents. Several other chemical substances were 
investigated during this study, using white mice ns experimental subjects, the 
preparations being given intraperitoneally in aqueous solution. The use of these 
compounds w'as suggested either because of their marked toxicity or their known 
hemolytic action. In a few cases inorganic oxidizing or reducing agents were 
tried. 

Observations for Heinz bodies were made at intervals, the first usually being 
taken after J hr. Ordinarily evaluations were repeated at 1-4 hr. intervals 
during the first day and then 24 hrs. later. However, with the very toxic 
materials at high dosage levels, some of the animals succumbed in a shorttime 
after injection, thus preventing further observations. The results are sum- 
marized in table 2, the maximum Heinz body rating and the corresponding time 
being indicated for each substance used. 

It can be seen that in general the organic compounds were much more effective 
than the inorganic materials in inducing Heinz body formation. However, 
saponin, a powerful hemolytic agent, was much less effective than aniline. A 
number of the highly toxic inorganic compounds were almost without effect in 
producing intraerythrocytic particles although their lethal effects were quite 
evident. The reducing agents, sodium nitrite and sulfite and hydroxylamine, 
appeared to be superior to the oxidizing agents tried (chlorate, dichromate and 
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Summary of Heim body response of white mice following intraperitoneal injection of various 

substances 


SUDSTA^'CE 

DOSAGE 

NO. or 
ANnZALS 

suxiiKnr 

HEINZ BODY 
EVALDATION” 

TllIE OF 
OBSERVATION 
AFTER 
INJECTION 


mgtn.ltem. 



hr. 

Aniline 

40 

2 

2+ 

Vi 





1 

Aniline 

400 

1 

4+ 

20 

Pyrogallol 

200 

2 

+ 

M 




± 

3 

Saponin 

50 

1 

Meg. 

4 

Saponin 

100 

2 


1 




+ 

3 

2-i Toluylene diamine ‘ 

100 

2 

+ 

3 

1 



Neg. 

3 

Cobalt chloride ' 

100 

1 i 

Meg. i 

6 

Cobalt sulfate ! 

1 

100 

1 

Neg. 

6 

i 

Ferrous sulfate ^ 

100 

2 

Neg. 

23 




Nog. 

23 

Hydrosylaminc hj'drochloride 

12.5 

1 

1 

2+ 

1 


100 

1 

3+ 

Yh 

Lead acetate 

100 

1 


20 

Lead acetate 

400 

1 

± 

20 

Lead chloride 

100 

1 

+ 

21 

Mercuric chloride 

i 5 

1 

K'eg. 

4 

Mercuric chloride 

1 10 

1 

+ 

4 

Mercuric chloride 

[ 100 

1 

Neg. 

K 

Potassium chlorate 

100 

2 

+ ? 

1 


1 

i 


Neg. 

20 

Sodium dichromatc 

100 

3 

2+ 

1 


1 


Neg. 

3 


1 


Neg. 

4 

Sodium nitrate 

500 

2 

i: 

1 




Neg. 

3 

Sodium nitrite 

100 

1 

rir 

Vt 

Sodium nitrite 

200 

2 


Vi 

1 



Neg. 

Yz 

Tartar emetic 

37.5 

1 

Neg. 

96 


100 

1 

Neg. 

Vi 


20S 
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nitrate) although ferrous sulfate was without effect. It is of interest to note that 
tartar emetic, though exhibiting marked toxicity at the high dosage levels, 
showed scarcely any effect on Heinz body formation, in marked contrast to the 
action of antimony in the form of the hydride. By far the greatest action for 
inorganic materials was exhibited by hydroxylamine which is both a nitrogen 
compound and a reducing agent. 

In vitro action of hydroxylamine hydrochloride (1 mgm. per cent) was observed 
T\ith mouse blood, a 2+ rating being found 11 minutes after mixing and a 3 + 
reaction after one-half hour. At a lower concentration of hydroxjdamine 
(0.25 mgm. per cent) the action was slower, the Heinz body ratings being dz in 
15 min., + (10 per cent) after 1 hr., 2+ (38 per cent) after 3 hrs. and 4+ after 
24 hrs. It was evident from these obser\'ations that the destructive action on 
the erj’throcytcs as well as the number and size of Heinz bodies was dependent 
on the concentration of the drug. 

Discussion. The mechanism of Heinz body formation and the site of their 
origin have not been elucidated. The wide variety of compounds, some of 
which are inorganic, capable of inducing intracrythrocytic changes, lends support 
to the view that Heinz body formation is due to partial destruction of some 
portion of the red blood cell, as a result of toxic action. The view that these 
bodies are formed in the peripheral circulation is supported by the fact that 
usually only mature cells and not reticulocytes have Heinz bodies and also by 
the fact that in vitro formation of such particles has been demonstrated. Al- 
though difficult to show photographically, the rapidity of this formation can 
easily be shown by visual observation using w’et blood preparations. The 
more favorable conditions present in the living tissue are presumably responsible 
for the reaction in vivo usually being much greater than that in vitro. The 
persistence of Heinz bodies after a single dose of a substance is of great interest 
since it points to a relatively long life of some of the erythrocytes, amounting to 
30-55 days in the mouse. 

Although Heinz bodies "were present in the majority of the erythrocytes of mice 
fed sulfanilamide during the 6-7 month test period, no hemolytic anemia was 
evident. This is in marked contrast to man, in which the presence of numerous 
Heinz bodies would be regarded as serious (3). Furthermore, the ability to form 
Heinz bodies is apparently not related either to the ability to form methemoglobin 
or to cause hemolysis. For example, saponin, which is regarded as a powerful 
hemolytic agent, was found to be relatively ineffecth'e in inducing Heinz body 
formation in mice whereas sulfanilamide was able to produce these particles in 
nearly all erythrocytes in a short time. The most toxic substances appear to be 
those w’hich are able to cause hemolysis, methemoglobin and Heinz bodies. 

The production of Heinz bodies by stibine, a volatile hydride, is of interest 
since for many years it was believed that this phenomenon was almost exclusively 
confined to nitro compounds of the benzene series. Little interest appears to 
have been shown in studying the action of inorganic compounds in this field. 

The fact that Heinz bodies were not found in suckling mice, the mother of 
which e.xhibited numerous intraerythrocytic particles, suggests some sort of a 
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protective mechanism in the young. It has been shown (14) that in pregnant 
rabbits treated with sulfanilamide this drug can pass from the maternal to the 
fetal circulation. Likewise transmission across the placental barrier has been 
demonstrated for humans (15). Moreover, transmission of this same drug 
through the milk of nursing mothere has been established (16). Consequently 
it was expected that the young mice would have Heinz bodies. However, the 
experiments on implantation and intraperitoneal injection confirmed the earlier 
observation and indicated a difference in susceptibility of young and mature 
mice to this drug. 

The difficulty of finding a solution capable of maintaining red blood corpuscles 
of various species without marked morphologic changes during a supra\’ital 
examination is well known. For this reason some differences in behavior of the 
Heinz bodies may be expected for various species. However, the great similarity 
in morphologic appearance, in their staining characteristics and in their physical 
and chemical behavior to the particles described earlier bj*' Heinz, makes it 
quite evident that they should be designated as Heinz bodies. 

SUMMARY AND CONCLUSIONS 

The formation and properties of intraerythrocytic bodies produced by the 
action of stibine, phenylhydrazine hydrochloride, sulfanilamide and certain 
other chemical substances have been studied in experimental animals. More- 
over, in vitro formation has been observed in mouse blood ^vith phenylhydrazine 
hydrochloride, with sulfanilamide and with hydroxylamine hydrochloride. 
With respect to their various staining and morphologic characteristics, these 
particles have been found to conform to the properties of Heinz bodies. 

Improved methods for staining Heinz bodies both in wet preparations and in 
smears have been worked out. Recognition and enumeration of these particles 
in their early stages have been facilitated by supravital examination of blood. 

The formation of Heinz bodies by certain organic and inorganic compounds is 
dependent on a number of factors, among which are the chemical nature of the 
compound, dosage, route of administration and species differences. The Heinz 
bodies themselves differ in time of appearance, abundance, size and persistence, 

Stibine and hydroxylamine hydrochloride are powerful inorganic Heinz 
body-producing substances while among the organic compounds, phenylhydra- 
zine hydrochloride and acetylphenylhydrazine are very vigorous in their action. 
Sulfanilamide produces many Heinz bodies in mice and the lack of marked 
systemic effect, even after a period of months, makes this a useful substance 
for the study of this phenomenon. 

Intraperitoneal injection of a toxic substance is a convenient and rapid method 
of determining its ability to form Heinz bodies. Because of the ease with which 
these bodies can be produced in mice, this species is a useful experimental 
animal. Guinea pigs and rabbits are less serviceable since their erythrocytes 
are more resistant than those of mice. Hemolytic actmty and ability of a 
substance to form Heinz bodies are not uniformly related; nor is the persistence 
of these particles related to the maximum number found. 
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Further experimental work is needed in order to answer many of the remaining 
questions about the composition, site of origin and fate of Heinz bodies. 
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The discovery, during a routine testing program, of the marked antifilarial 
activity of a large series of cyanine dyes ivhen tested, in vivo and in vitro, against 
the filarial worn, Litomosoides carinii, of the cotton rat, has been reported in 
several preliminary publications from this laboratory (1, 2, 3). Unfortunately, 
this filaricidal effect of the cyanines was found to be highly selective. It was 
not demonstrable against several other filarial species and, in fact, early clinical 
trials against Wuchercria bancrofli have been unsuccessful. However, the 
experimental findings accumulated during the course of these studies ivere 
believed to be of sufficient fundamental importance to warrant their publication 
in detail. 

In the coordinated program organized b}' the National Research Council, in 
1944, for investigations of the chemotherapy of filariasis, several laboratories 
concentrated their efforts on the extension of existing loiowledge of the anti- 
filarial action of organic derivatives of antimony and arsenic (4, 7, 10, 11). In 
this laboratory, however, investigations were directed toward non-metallic 
compounds, in the hope of discovering a new approach to the chemotherapy of 
this disease. 

A. The routine testing of compounds for antifilarial activity. Since the two 
filarial parasites, IP. bancrofli and If', malayi, which occur in the lymphatic system of 
infested human beings, have not been found in other animal species, it was necessary to 
conduct these studies with animals infested with a different, but morphologically related, 
filarial parasite. The timely report of Culbertson and Rose (4) on the chemotherapeutic 
action of organic antiraonials against the filarial worm, Litomosoides carinii, in the Florida 
cotton rat, led to the selection of this same parasite and animal host for these studios. 
The occurrence of the worms in the pleural cavity made them readily accessible at autopsy 
for transfer in an intact condition to nutrient media. The size of the animals (under 200 
grams) made them suitable for a large scale exploratory program and much to be preferred, 
for routine testing, to dogs infested with the heart-worm, Dirofilaria immitis. An adequate 
supply of naturally infested cotton rats was maintained by purchase from the Hegenor 
Research Supply Company of Sarasota, Florida. 

The "screening” procedure was based on the principle that each compound should bo 
given in an amount approaching that maximally tolerated by the animal host. Schedules 

I The work described in this scries of papers was done, in part, under a contract recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and Western Reserve University (August 1, 1944 to October 31, 1945); 
in part, under a contract between the Office of the Surgeon General, U. S. Army (November 
1, 1945 to December 31, 1040); and in part, with the aid of a grant from the U. S. Public 
Health Service (since January 1, 1947). 


212 



ANTIFILAIIIAL ACTION OF CYANINE DYES 


213 


involving frequent dosage were considered preferable, since they would favor the mainte- 
nance of a concentration of the drug in the tissue fluids bathing the parasites, and thus 
would increase the possibility of detecting minimal antifilarial activity in a compound, as a 
lead for further study. After a short period of experimentation with various schedules, 
it was decided, wherever possible, to administer compounds intraperitoneally every 8 
hours for a total of 18 doses. For injection purposes the animals were driven from their 
indi\ddual wire-cloth cages into a tin and wire-cloth injector-tube which allowed handling 
and injecting with little danger of being bitten.* Autopsy was performed 40 hours after 
the final injection. The adult filariac were removed aseptically from the pleural cavities 
and placed in petri dishes containing 10 cc. of sterile nutrient medium* for observation 
(the exact composition of the medium has been stated in the footnote); worms from an 
untreated rat were observed simultaneously. Characteristically, unaffected worms 
remained motile for at least 2 days when observed at room temperature. When motility 
was absent at the time of autopsy, and did not appear within 8 hours after the worms were 
removed from the rats, the filariac were considered dead. 

The effect of drug treatment on the microfilariae, either in vitro or in vivo, was not 
studied, since it was known and was confirmed again in the course of these studies, that 
the susceptibility of these larvae to noxious agents may differ quite markedly from that 
of the parent worms, against which therapy was directed. Also, it was felt that routine 
“screening” of unrelated chemical substances for filaricidal activity in vitro would give 
information more likely to be misleading than helpful, since a great variety of substances 
were certain to be too toxic for filariac m vitro. However, extensive studies of the metab- 
olism of L. cartnu were conducted simultaneously by one of us (2, 3, 15), and sufficient 
information was obtained through this approach to facilitate progress materially when 
leads were obtained from the “screening” tests in animals. Under such conditions studies 
in vitro became of great importance. 


B. The detection of ANTinLAIlUL properties in the cyanine DYES. 
Among the many compounds studied, none was found to possess appreciable 
activity until a member of the group of compounds as cyanine dyes was 

tested. This compound, (l-amyl-2,5-dimethyl-3-pyrrole) (1 ,G-dimethyi-2-quin- 
oline) dimethincyanine chloride (Chemotherapy Center Zif348), whose struct- 
ural formula is shoAvn in table I, was completely curative in the maximally 
tolerated doses used. On further study it became evident that a very high degree 
of activity was present, since the intraperitoneal injection of 0.1 ragm./kgm., at 
8-hour intervals for 18 doses, regularly killed all filarial worms in all treated 
animals. Though delayed fatalities occasionally occurred when individual doses 
of 1.8 mgm./kgm. were administered according to above treatment schedules, 
individual doses of 1.25 mgm./kgm. on this schedule were well tolerated. These 
findings indicated that the absolute margin of safety was remarkably high.** 


* This app.aratus was designed by J. T. Litchfield, Jr , who at the time was working with 
R. N. Bieter, H. N. Wright and their associates on a similar project involving other members 
of this series of compounds (8, 9). 

* The medium consisted of 1 part sterile horse serum, generously supplied by Sharp and 
Dohme, Inc., and 3 parts of a buffered glucose-salt solution which pernutted optimal 
metabolic activity and motility, and had the following composition: 0.137 M NaCI, 0.0027 
M KCl, 0.0003 M CaCl:, 0.001 M MgCI:, O.OC M sodium phosphate buffer (pH: 7.6), 0.02 M 
glucose. 

* The term “absolute margin of safety” is used to signify a relation that might be ex- 
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pressed by the ratio • 


, if indications arc to be given of the occasional 
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death of an animal on a dose that is xisually non-lcthal and the occasional failure of a dose to 
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With the known antifilarial compounds of antimony, such as ‘Neostibosan’ and 
‘Anthiomaline’, it was found impossible to Idll all worms in any single animal 
even at maximally tolerated doses on similar treatment schedules. 

Quantitative studies of the effect of #348 on the number of microfilariae 
present in the peripheral blood were not made for reasons already given. How- 
ever, quantitative examination of single drops of peripheral blood in cover glass 
preparations revealed no gross differences in the degree of microfilaremia present 
before, during, and at the completion of the period of treatment. Later, quanti- 
tative studies with another cyanine ds^-e (#863) (table IV) revealed that a slow 
decrease in the microfilaria count did occur over a period of some months. • This 
was believed to be due to the spontaneous death of the embryos and their failure 
to be replaced because of the much earlier death of the adult worms during the 
period of therapy (16). 

C. The antifieahial activity of cyanine dye #348 in vitro. When 
filariae from untreated rats were placed in petri dishes containing 10 cc. of the 
nutrient medium referred to premously, in the presence of various concentrations 
of #348, motility was lost vithin one hour at a concentration of 1:100,000. 
At a concentration of 1 : 1,000,000, motility was reduced within 2 hours, and up to 
50 per cent of the worms were rendered immobile within 7 hours; in the case of 
the remaining 50 per cent, however, some motility was present after 72 hours, 
when the motility of control worms began to decrease. At a concentration of 
1:10,000,000, no effect on the worms was detectable. It is of interest that the 
lowest dose of # 348, which consistently cured rats following repeated injections 
was 0.1 mgm.Agni., since, on the basis of rapid and equal distribution throughout 
the tissues and tissue fluids, this amount of compound could result in a maximal 
concentration not exceeding 1 part per 10,000,000, prior to the occurrence of 
degradation or excretion. This point will be discussed further in a subsequent 
communication (16). 

On the basis of the concurrent studies of the metabolism of L. carinii by 
Bueding (2, 3, 15), it seemed of greater and more fundamental importance to 
determine the effect of #348 on the specific metabolic behavior of the parasite, 
than on a general phenomenon such as motility. Thus, it was found that the 
cyanines produced a marked inhibition of the oxygen consumption of the adult 
filariae. The o.xidative metabolism of the worm was inhibited by the concen- 
trations of #348 ranging from 1:25,000,000 to 1:6,000,000. This decrease in 
respiration was associated with a compensatorj' increase in glycolysis and a 
decrease in glycogen synthesis. Under anaerobic conditions, on the other hand, 
no effect on glycolj'sis was obsen^ed. Only with concentrations 1,000 to 2,000 

cure that is usually curative. The statistically valid margin of safety or therapeutic 

inde.v, though an e.vperimentally much more reproducible value, often gives an 

impression of innocuousness that is not justified bj' the facts. Although many cyanines, 
administered cither orally or intraperitoneally, have wide “absolute margins of safety”, 

they arc by no means as innocuous as the ratio would indicate. 
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times greater was the oxygen consumption of mammalian tissue slices or homo- 
genates affected by these compounds, a fact which is reflected in the high margin 
of safety in the chemotherapeutic tests described earlier. Furthermore, worms 
removed from cotton rats treated -with subcurative doses of showed 

markedly depressed respiratory activity and an increase in aerobic glycolysis, 
as compared to worms removed from untreated rats. It seemed probable, 
therefore, that these drugs exert their chemotherapeutic effect through the 
inhibition of one or more enzyme systems concerned with oxidative metabolism. 
The metabolism of the microfilariae obtained from pleural washings was un- 
affected by the drug, a circumstance that may be attributed to a difference in the 
metabolic characteristics of the larvae from those of the adult parasites (2, 3, 15). 
This observation is in agreement with the finding that the drug caused no 
prompt reduction in the microfilaremia of the cotton rat. 

D. Comparative studies of the antifilarial activity of cyanine dyes. 
It seemed highly desirable to extend these studies to other cyanine dyes because 
of the high degree of curative activity, the high margin of safety, and the specific 
antimetabolic effect of the one compound tested. Furthermore, Bieter, Wright 
and their associates had simultaneously disclosed antifilarial properties in a 
related series of styrylquinoline dyes (8, 9). 

Fortunately for the chemotherapeutic program, a large number of these 
compounds had been synthesized by Dr. L. G. S. Brooker and his associates 
of the Eastman Kodak Company for other purposes (12, 13). Samples of these 
were generously submitted to the Committee on Medical Research of the 
National Research Council through Parke, Davis and Company, for study in 
this laboratory.® 

Two procedures were used in screening these compounds for antifilarial activity 
against L. carinii. The first of these involved a comparison of the ability of the 
various cyanines to inhibit the oxygen uptake of the parasites. The second 
consisted of an assa}', in cotton rats, of the chemotherapeutic and toxic properties 
of each compound. 

1. Assay f in vitro, of the antifilarial activity of cyanine dyes. Adult filariae(15 to 20 ragm.) 
were transferred to small Warburg vessels (volume, 4 to 5 cc.) which contained 0.7 cc. of 
buffered glucose-salt solution.* A small roll of filter paper, soaked with 0.1 cc. of 40 per 
cent KOH was placed in the center cup of each vessel. The oxygen uptake of the worms 
was measured over a period of 3^ hours at 38®C. in an atmosphere of air, in the conventional 
Warburg apparatus. During the initial period of 30 minutes, a slight increase in the 
respiration of the worms frequently occurred. After this time, the rate of oxj'gen uptake 
of the filariae remained constant over a period of at least three to four hours. The control 
respiration was recorded for the next 90 minutes, i.e., 30 to 120 minutes after the beginning 
of the e.xperiment. FolIoT\*ing this contol period, 0.1 cc. of the glucose medium containing a 
cyanine dye was tipped from the side-arm into the main compartment of the vessel and 
the respiration was recorded for an additional TO minutes. Addition of 0.1 cc. of the same 


* From the beginning of the study of this group of compounds, w’e have enjoyed the 
finest cooperation from Dr. Brooker and from Parke, Davis Laboratories, Further, this 
investigation has been facilitated in innumerable waj's by Dr. Lucille Farquhar, technical 
aide of the National Research Council, who coordinated studies in this and related fields. 
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medium containing no cyanine dye did not affect the rate of oxygen uptake of the worms. 
All solutions of compounds to be tested were prepared immediately before the experiment. 
The antifilarial activity of each compound, in vitro, designated in the tables as the "in 
vitro index”, was established in the following manner. The molar concentration of com- 
pound # 348, which was used as a standard of reference, required to inhibit the respiration of 
the worms by 50 per cent (usually 2.6 X 10“’ M or 1:10,000,000) was divided by the molar 
concentration producing a similar decrease in respiration in the case of the compound 
under assay. 

2. Assay, in vivo, of the antifilarial action of cyanines. Further studies on the antifilarial 
action of )5!348 in cotton rats indicated that cures could be produced when dosage intervals 
of much greater than 8 hours were used. The minimal curative dose, when the drug was 
administered intraperitoneally at 8-hour intervals for 6 days, was 0.1 mgm./kgm.; a total 
dose of 1.8 mgm./kgm. WTien one injection was given daily for 5 days, an increase in the 
individual dose to only 0.2 mgm./kgm. was required; a total dose of 1.0 mgm./kgm. Fur- 
thermore, when the interval between the last dose and the time of autopsy was extended 
to 4 days, 0.3 mgm./kgm. daily for 3 days was required. When a single dose was given, 
followed by a period of one week, prior to autopsy, it was found that 1.35 mgm./kgm. would 
effect a cure. Later, the studies with other cyanines yielded similar results. 

Accordingly, in “screening” various related compounds for their chemotherapeutic 
activity against L. carinii in the cotton rat, a dosage schedule was selected which involved 
one injection daily for 5 days. Autopsies, involving removal of worms from the pleural 
cavity for the purpose of observing the effect of therapy on motility, as described earlier, 
were performed 48 hours 'after the last dose. The following dose levels, expressed as the 
amount administered daily in mgm./kgm. of body weight, were used : 0.05, 0.10, 0.15, 0.20, 
0.30, 0.40, 0.80, 1.6 or 2.0, 3.0, 4.0, 6.0, 8.0, 12.0, 16.0, etc. It was not necessary to use all 
these dose levels for each compound, and the data for any one compound were not obtained 
in a single test. Rather, an orientation test was performed first by treating several infested 
rats at one of the lower dose levels, and several uninfested rats at one of the higher dose 
levels. On the basis of the results obtained, higher or lower doses were then used in further 
experiments on additional rats to determine minimally curative and maximally tolerated 
doses. In this preliminary “screening” program, designed to separate compounds of high 
chemotherapeutic activity worthy of more extensive investigation, from those of low 
activity, only three animals w'ere used per dose level of drug. The large number of com- 
pounds to be studied, the high cost of the infected animals, and the special handling which 
these separately housed animals required during maintenance, and especially during 
injection, made it necessary to set such a low figure for the number of animals to be used 
per drug. The values determined for each compound were: first, the minimum dose 
required to produce death of all worms in the three rata of a dosage group (minimum cura- 
tive dose); and, second, the maximum dose allowing survival of all three rats in a dosage 
group (maximum tolerated dose). The margin of safety, or therapeutic index, was cal- 
culated by dividing the second value by the first. Such a therapeutic index w'as selected 
in preference to one involving 60 per cent end points, not only because of the small number 
of animals used, but also, as has been mentioned previously, because values representing 
complete curative responses, and complete sur\dval, seemed more comparable to a clinical 
situation. Because both the toxicity and curative activity of these compounds increase 
rather slowly with increasing dosage, the statistical therapeutic index, based on 50 per cent 
responses, would have yielded figures of considerably higher magnitude. 

In the data recorded in the following tables, the toxicity tests were performed with 
uninfested cotton rats of a single strain'. Earlier to.xicity tests with a few cyanines, 
including ^'348, were performed with uninfested rats obtained from the same natural 
habitat as the infected ones. These last-mentioned rats were considerably more resistant 
to the lethal effects of the cyanines, than were those of the laboratory strain; hence, con- 


' Obtained from Tumblebrook Farms, Brant Lake, New York. 
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siderably higher therapeutic indices resulted from their use. Since our interest was in a 
comparison of the relative toxicity of these compounds so far as these lower animals were 
concerned, rather than in absolute values, w'e did not revert to the use of Florida rats for 
toxicity studies when this discrepancy became apparent. Rather, we repeated the earlier 
toxicity tests, on the daily injection schedules, with the laboratory strain of rats which 
were used thereafter. 

In the case of some of the compounds presented in the tables, the “in vitro index” alone 
was determined. In almost all such cases, the amount of sample available was insufficient 
to permit studies in t’li-o. The small samples sufficed for the metabolic studies, and yielded 
additional information with regard to the relation of chemical structure to antifilarial 
activity. In a few other cases assays were performed only in vitro with compounds, other 
than cyanines, which were well-known from work in this and in other laboratories to bo 
devoid of any chemotherapeutic effect tn vivo. In this way it was possible to determine 
the presence or absence of a low’ degree of antifilarial activity, the existence of which was 
suggested by a remote chemical similarity to the cyanines. The results of the ‘‘screening” 
tests are presented in tables I to X. 

E. The relation of the chemical structure of the cyanine dyes to 
THEIR ANTIFILARIAL activtti' AGAINST L. CARiNii. It lias been postulated 
earlier that the cyanines exert their chemotherapeutic effect through the inhibi- 
tion of one or more enzyme systems concerned with, the oxidative metabolism 
of the parasite. Further evidence for this, presented in the tables, is shown by 
the fact that everj' compound found to be active in vivo also inhibited filarial 
respiration in vitro. The fact that the reverse correlation did not exist, in other 
words, all compounds active in vitro were not active in vivo, is not a refutation 
of tins postulate. In the complex animal organism many factors, such as rate 
and e.\tcnt of excretion, and metabolic alteration, as well as unfavorable distribu- 
tion, indubitably influenced the extent to which the inherent antifilarial activity 
of various compounds was able to become manifest. Thus, a discussion of the 
relation between chemical structure and the inherent antifilarial activity of these 
compounds would be more valid w'hen based on observations made in vitro, in the 
absence of the modifying factors imposed by an animal host. Such a discussion 
is presented below, with supplementary remarks on the relation between chemical 
structure and “net” antifilarial activity; i.e., activity in vivo. Accordingly, 
the term “activity”, as used in the following discussion, will refer to antifilarial 
activity in vitro, unless othenvise stated. The various related members of the 
cyanine series made available to us were prepared largely for purposes other 
than the chemotherapeutic program (12, 13). In a number of cases, however, 
the group led by Dr. Brooker kindly prepared new compounds, the structure of 
which was suggested hy the antifilarial studies. 

As shown in the tables, many different types of cyanines were found to possess 
antifilarial activitj”, and the synthesis of numerous derivatives of every structural 
type was impractical, at least until some knowledge was forthcoming in regard 
to the effectiveness of the cyanines against IF. bancrofti in man. 

1. {3-Pyrrole){2~quinoline) dimdhincyanines {fable I). The most complete 
study of the effect of various substituent groups on antifilarial activity, both in 
vitro and in vivo, was made with this group of compounds which included ^348, 
the cyanine originally found to be active against L. carinii. In compounds 
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TABLE I 


The relative anlifilarial activity of a number of (S-pyrrole)(g~quinoline) dimethincyanines 
against L. carinii of the cotton rat. 
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having a methyl group in position ~1 or -6 of the quinoline ring, the liighest 
degree of activity was observed when an ethyl (^711), propyl (^999), or a 
cyclohexyl (^997) radical was attached to the pyrrole-N. A somewhat lower 
degree of activity was present when a methyl (jg804), but}'! (i^998), or amyl 
(^348) radical was the substituent. A further lengthening of the side-chain 
produced a progressive decrease in activity (i^802, ^1092, i^712, ^805). 
Activity in vivo, on the other hand, was poor when the alkyl substituent on the 
pyrrole-N was short, and increased gradually to a maximum at Cs through Cio, 
beyond which it could not be tested rvith accuracy due to the low degree of 
solubility, and of absorbability from the site of injection. 

It is regrettable that the series of analogues discussed in the above paragraph, 
i.e., those having methyl groups in position -1 and -6 of the quinoline ring, 
with various substituents on the pyrrole-N, did not include the compound in 
which a phenyl group was the variant. The comparative effect of a phenyl 
group versus one alkyl radical, namely, the amyl, can be seen, however, in other 
compounds of the (3-pyrrole) (2-quinoline) series of table I, where substituents 
in other positions were the same. Thus, in each of the following four pairs of 
compounds the amyl radical conferred greater activity on the compound than 
did the phenyl: ^713 and j?967; 800 and ^943, ^962 and j^^816; 801 and 

^ 963. For the first two pairs of compounds this was also true in vivo, while for 
the third pair the phenyl compound was more active in cotton rats; a comparison 
was not made with the fourth pair. 

Data are also available in table I for a study of the effect on antifilarial activity 
of various substituents at the quaternary quinoline-N. With an amyl group 
on the pyrrole-N, replacement of a methyl group (^3iS) by an ethyl group 
( ^ 963) at the quinoline-N produced an increase in activity, while further length- 
ening of the substituent alkyl chain led to decreased activity ( ^ 964 and ^ 965). 
In this case, the changes in acthdty in vivo, though not marked, followed the 
reverse order. Replacement of the ethyl group of ^ 963 by a /5-hydro.vyethyl 
group ( ^ 349) produced a marked decrease in activity both in vitro and in vivo. 
The deleterious effect of a long alkyl chain on the quinoline-N was also seen in 
comparing the relative activities of compounds whose pyrrole-N carried a phenyl 
radical, though it was outstanding only in going from a heptyl to an undecyl 
substituent ( S 801, ^809, ^810). 

The effect of substituents at other positions than the nitrogens can be seen in 
various compounds with the common feature of a methyl radical on the quino- 
line-N and a phenyl on the pyrrole-N. flTien jlf800, which had no additional 
substituent, was altered by exchanging the hydrogen at C-8 for a methyl group 
( 808), or a chlorine atom ( ^ 812), a slight increase in activity resulted. UTien 
the methyl group was in position-6 (i^714), instead of in position-8 (i^?808), a 
reduction in activity occurred. Similarly, decreased activity was observed with a 
chlorine atom in position-6 (j?811) or -7 (^^ 816), instead of in position-8 (^812) 
of the quinoline ring. A methoxy group in position-8 (^803) had no effect on 
activity, but a considerable decrease in activity occurred with a methoxy group 
in position-6 ( 713). A phenyl group in position-6 ( j^819 or -8 ( 818) resulted 
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m a decrease of activity of the same magnitude. Thus, compounds possessing 
— Cl (?S?812), ■ — CHs (i^SOS), or — OCH3 (jSfSOS) in position-S of the quinoline 
ring appeared to possess higher activity than those in which a similar substituent 
was introduced in position-6 or -7. On the other hand, when no substituent 
was present in the -6, -7 or -8 position of the quinoline ring, as in ^J?943, the 
antifilarial activity in vitro, remained equal to that of ?J?348, which carried a 
methyl group at position-6. In the cotton rat the former compound was less 
active than the latter, but a corresponding decrease in toxicity permitted the 
therapeutic index to remain unchanged. 


-CH=:CH— Cj — jCH 


TABLE II 

The relative aniijilarial activity of a number of {$-pyrrole)i4-Quinoline) dimelhincyanines 
against L. carinii of the cotton rat 
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2. {3-Pyrrole){4-^uinoline) dimelhincyanines {table II). As in the first group 
of compounds, greater activity was observed here when an amyl radical was 
attached to the pyrrole-N than when a phenyl was present (^955 and ^823). 
Alteration of j^^S23, by insertion of a methoxy group in position-6 of the quino- 
line moiety, did not significantly alter activity. An increase in the length of the 
alkyl radical on the quinoline-N augmented activity when the new substituent 
was an ethyl radical (j$fl095), but decreased it slightly with a propyl group 
(^^^1096). As in the previous group of cyanines, a ^-hydroxyethyl group verj’' 
significantly decreased activity. The detrimental effect, on activity, of an 
excessively long alkyl chain on the pyrrole-N is demonstrated again by compari- 
son of the “in vitro index" of iSfl095 (amyl) and #1277 (decyl). 

In regard to the effect of moving the attachment of the cyanine bridge from 
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TABLE III — CojxUnucd 
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TABLE m— Concluded 
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0.15 


position-2 to position-4 of the quinoline ring, no difference was observed in the 
activity of $ 713 (table I) and ^ 824 (table II). The decrease in the activity of 
#824 in vivo was compensated for by its lower degree of toxicity, so that a 
slightly higher therapeutic index resulted. In several other instances where the 
cyanine bridge was moved to the new position, a decrease in activity in vitro 
was observed ( # 800 and # 943 of table I versus # 823 and # 955, respectively, 
of table II). Numbers 943 and 955 both were tested chemotherapeutically and a 
similar difference in their potency was observed in vivo. 

3. Diquinoline cyanines {table III). One striking factor involved in the 
relation of structure to pharmacological action of the cyanines was demonstrated 
in this group; this pertains to the nature of the connecting bridge between the 
two nitrogens. The three compounds in which both nitrogens were tertiary 
(#853, #854 and #855) showed no appreciable activity. The conversion of 
one nitrogen to the quaternary' form resulted in the establishment of a resonating 
system of alternating double and single bonds in the chain connecting the two 
nitrogens. This was associated wth a marked degree of antifilarial activity 
that was sustained despite many minor modifications in structure (table III). 

The effect of a shift in the cyanine bridge from the 2-2^ position to the 2-4^ 
position, as shonm in # 856 and # 857, was a moderate increase in activity. 

No difference in antifilarial activity m vitro W'as present between the mono- 
methine cyanine, # 856, and the corresponding trimethine derivative. A similar 
comparison of #858 and #869, however, showed the monomethine compound 
to be considerably more active, since the addition of methyl groups in the 
6-positions of the tw'O quinoline rings increased appreciably the activity of the 
monomethine, but not that of the trimethine compound. A comparison of this 
sort w'as also made with two compounds of the dipyrrole type ( # 1113, # 1114) ; 
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here the monomethine compound was very much more active than its trimethine 
analogue. 

Few compounds were available in which alkyl radicals other than methyl 
were attached to the nitrogens in this series. The change from a methyl to an 
ethyl substituent was studied in the case of 856 and ^ 947. It resulted in a 
threefold increase in activity. 

The two dimethine compounds in this series were not analogous to any of the 
dimethincyanines of the pyrrole-quinoline type (tables I and II), hence no 
comparisons of activity could be made in this case. 

A number of the compounds in this series showed a high degree of antifilarial 
activity in vitro. In fact, one of these, § 834, had an “in vitro index” of 2.0, and, 
though several other cyanines equaled this potency, none of them exceeded it. 
Despite this, ^834 did not have a high degree of antifilarial activity in the 
cotton rat. In fact, the only diquinoline compound which was highly active 
from the chemotherapeutic standpoint was ^871. The “in vitro index” of this 
compound was not outstanding (0.3); hence this series affords a good example 
of the fact that the animal host may influence profoundly the antifilarial activity 
of the cyanines. It is interesting also that Bieter, Wright and their associates 
(8, 9) have reported a 2-2‘ trimethincyanine of the diquinoline type to have a 
high degree of antifilarial activity and a high therapeutic mdex in infested cotton 
rats; both nitrogens in this compound carried jS-ethoxyethyl groups. 

4. Two compounds which deserve special mention are 863 and ^ 835 (table 
n0> whose structures are unique in that the second heterocyclic ring in each case 
was not present in any other of the compounds studied; each had an “in vitro 
index” of 2.0. In both cases the chemotherapeutic activity in infested cotton 
rats was not of a maximal order, but because their toxicity also was less than 
that of many other cyanines, the high therapeutic index which resulted made 
them members of the group of compounds selected for further study. 

5. The pyrrole-pyridine cyanines depicted in table V were not outstanding 
in their activity, but they merit attention because of the deleterious effect 
produced bj’' replacement of an amyl group on the pyrrole-N by a phenyl radical. 
This decrease was of a much greater magnitude than that resulting from a 
similar change of substituents in the pyrrole-quinoline series (table I). It may 
be pointed out also that the pyrrole-pyridine compound, ^957, was half as 
active as its corresponding pyrrole-quinoline analogue (j?943, table I). 

6. A number of pyrrole-benzimidazole and pyrrole-benzotkiazole cyanines were 
available for study (tables IT and ITII), and in a few cases “in vitro indices” 
of 1.0 were obtained. However, this high degree of activity did not carry over 
to the chemotherapeutic assays. A few pyrrole-benzoxazole (table VII) and 
pyrrole-benzoselenazole (table ITII) compounds were also studied, but none 
w'as outstandingly active, either in vivo or in vitro. In these cyanine types, 
replacement of an amyl by a phenyl radical was not detrimental to activity as 
was the case in previous series; in fact, in one case the activity was actually 
enhanced by such a change ( # 1091 and itl822, table IT). 

7. The styryl-quinoline compounds listed in table X have been studied ex- 
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TABLE IV 

The relative antifilarial activity of a number of cyanines in which the quaternary nitrogen is 
present in a quinoline ring, and the tertiary nitrogen in a heterocyclic ring other 
than quinoline or pyrrole 



tensively in regard to chemotherapeutic activity in infested cotton rats by 
Bieter, Wright and their associates (8, 9). As in the case of the compounds 
previously discussed, these contain a quaternary and a tertiary nitrogen con- 
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TABLE V 

The relative antifilarial activity of several {S-pyrrole) (2 -pyridine) and {3-pyrrole)(4~Pyridine) 
dimelhineyanines against L. carinii of the cotton rat 
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nected by a carbon chain whose bonds are alternately single and double. They 
differ, however, in that the tertiary nitrogen is not a member of the heterocyclic 
ring, but rather is a para-amino nitrogen. Compound ^ 350, in which two ethyl 

TABLE VI 


The Tclaiivc antifilanal activilrj of a number of cyanines in which the gualcrnary nilrogen is 
present in a benzimidazole ring 
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! 

1 

1.25 

838' 

CH, CH, 

C.H,— C=CH 

CH, ICIl 

0.8 

; <4.0 

I 

<5.0 

0.25 


groups were attached to the tertiary-N and an ethyl group was the substituent 
at the quaternary quinoline-N, was outstandingly active in nVro, though this 
high degree of activity was not retained in the cotton rat. The remaining 
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table V 


m c^HJ^lar^^ritycfee^eral (S.pyrrole)( 2 .pyridine) and (S.pyrrok)(fpyridine) 
_ ■'■‘^••r^'sr.snet agaxnsl L. carinii of the cotton rat 
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nected by a carbon chain whose bonds are alternately single and double. They 
differ, however, in that the tertiary nitrogen is not a member of the heterocyclic 
ring, but rather is a para-amino nitrogen. Compound 350, in which two ethyl 

TABLE VI 


The relative antifilarial aclivity of a number of cyanines in which the guaternary nitrogen is 
present in a benzimidazole ring 
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groups were attached to the tertiary-N and an ethyl group was the substituent 
at the quaternary quinoline-N, was outstandingly active in tniro, though this 
high degree of activity was not retained in the cotton rat. The remaining 
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compounds of tliis group all had a methyl, rather than an ethyl substituent 
on the quinoline-N. Variants of these involved particularly the amino-N, where 

TABLE VII 


The relative ontifLlaHal activity of a number of cyanines in which the quaternary nitrogen is 

present in a benzoxazole ring 



di-isO'propyl substitution yielded considerably higher activity than di-n-propyl 
or d-n-butyl substitution, while di-n-amyl substitution yielded a compound of 
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TABLE VIII ' 


The relative anlifilarial aciivily of a number of cyanine dyes in which the quaternary nitrogen is 
present in a bemothiazole ring or a henzosclenazole ring 
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TABLE Vm-Concluded 



considerably less potency. Introduction of only one long alkyl radical was 
not as deleterious as introduction of two; for example, # 764, with a methyl and 
an n-heptyl group on the tertiary nitrogen, retained an "in vitro index” of 0.5. 

Number K-ISS contained no tertiary nitrogen, and hence there was no reso- 
nating system between two nitrogens. This compound had an "in vitro index” 
of 0.02 wliich was low relative to the cyanines, but it was remarkable nonetheless, 
since it was the only compound studied Avhich had an index of any significance 
despite the lack of the structural requirements described in the following 
paragraphs. 

As has already been pointed out in previous communications (1, 2, 3),ahigh 
degree of antifilarial activity was obsenmd with compounds possessing the 
resonating amidinium ion system, in which a quaternary nitrogen was separated 
from a tertiarj’’ nitrogen by a chain of atoms referred to as a “conjugated” 
chain, i.e., a chain whose members were joined by alternating single and double 
bonds. Tables I to X illustrate that marked antifilarial activity in vitro was 
not restricted to any particular ring or rings, and was obsenmd regardless of 
whether both nitrogens (tables to IX) or only one nitrogen (table X) was a 
part of a heterocyclic ring. If neither of the two nitrogens was part of a hetero- 
cyclic ring (table IX; j5?K-218), activitj' could be present, although at a much 
lower order of magnitude. On the other hand, if all the atoms linking the two 
nitrogens were part of a chain, and not a portion of a heterocyclic ring, activity 
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in vilro was completely abolished (table IX: ?J?K-217). In the case of one 
compound, only one of the three linking atoms was part of the heterocyclic ring, 
yet antifilarial activitj*- was retained (table IV: ^^^831). In almost every case 
the atoms interposed between the two nitrogens were carbon; that tliis was not a 
requirement for activity is indicated by the fact that nitrogen could serve in 
place of carbon, as in 849 of table A^II which had an “in vitro index” of 0.3. 

Compounds closely related to cyanines, but lacking an amidinium ion reso- 
nating system exhibited either a very low degree of antifilarial activity in vitro 
or none at all (j{^797 and i{^S21, table I; jS?854 and j^^855, table III; ^^^945 and 
^94G, table IV; iif912, jS?925, i^lOOl, and ^921, table XI). The last men- 
tioned group of compounds was interesting also from the standpoint of being 
possible degradation products of the cyanines in vivo. It has been pointed out 
already that in the case of one compound (IC-I88, table X), some activity was 
observed in spite of the lack of a resonating amidinium ion system. This 
compound contained a quaternary nitrogen, but lacked the tertiary nitrogen to 
complete the structural requirements outlined. 

A large number of wcll-knomi organic dyes resemble the cyanines chemically 
in their possession of a tertiary and a quaternary nitrogen separated by a 
“conjugated” chain of carbon atoms. Since the antifilarial action of the cyanines 
appeared to depend on these particular structural features, it seemed of interest 
to include some non-cyanino dyes in the study for purposes of comparison. 
None of these was found to be active in vivOy but a considerable number possessed 
a lovr degree of activity in vitro. For the sake of brevity these non-cyanine dyes 
are listed here without their structural formulae; in each case the “m vitro 
index” is given wthin parentheses: (a) triphenylmethanc dyes: crystalviolet 
(0.025), brilliant green (0.1), malachite green (0.1), fuchsin (rosaniline) (0.1); 
(b) phenazothioniura dyes: methylene blue (0), azur B (0) ; (c) phenazinium dyes: 
janus green (0.1), diothylsafranin (0.05), safranin-T (0.025); (d) other dyes: 
acridine orange (0.01), meldolas blue (0.003), shodamine B (0.0025), methyl- 
quinoline yellow' (>0.002). Fluorescein, which possesses a “conjugated” chain 
between two oxygen atoms instead of two nitrogen atoms, exhibited no antifilarial 
activity in vilro. 

Because some organic antimony compounds have been showm to exhibit 
antifilarial activity in vivo (4, 5, 7, 11), Tuadin’ and potassium antimonyl 
tartrate were tested in vitro. They were only xJr to as active as the reference 
cyanine ( ^ 348) in regard to their ability to inhibit the oxygen uptake of L. 
carinii. 

In contrast to their inhibitory effect on the respiration of malaria parasites 
(9), quinine and atabrine w'ere found not to interfere with the respiratory 
metabolism of L. carinii. This is in agreement with the observation that these 
two antimalarials have no chemotherapeutic action in vivo against L. carinii 
in the cotton rat. 

F. Selection of compounds for further study. It has already been 
pointed out that the inherent antifilarial activity of these compounds would 
operate in the infested animal host in proportion to the influence exerted by 



TABLE rX 

The relative antijilartal activity of a number of miscellaneous cyanine dyes against L. carinii 
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various host factors such as rate and extent of excretion, metabolic alteration, 
favorable and unfavorable distribution to the sites of occuiTence of the invading 
parasite, etc. Since human filariasis involves a different host from that used 


TABLE X 

The relative antijilarial activity in vitro of a mtmher of stpryl-guinolinc dyes against L. carinii 

of the cotton rat 
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in this study, and a different site of occurrence of the invading parasite, namely 
the lymphatic system, it is obvious that the only infallible method of selecting the 
best compound would involve the testing against the human disease of at least 
those compounds shown to have a high degree of antifilarial action in vitro. 
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The impracticability of such a procedure is obvious. To minimize the modifying 
factors which might be imposed by a different host, and a different site of 
occurrence of the invading parasite, the compound selected from this study for 
further investigation should possess a high degree of activity against L. carinii, 
hoth in vitro and in vivo. Compound j?863 (table IV) appeared to possess the 
best combination of indices, since it was twice as active as the reference compound 
(j^?348) in vitro and, in addition, had a high (absolute) therapeutic index. 
However, since many other qualifications would be demanded of a compound 

TABLE XI 


The relative anti filarial aclivity in vitro of a number of possible degradation products of cyanine 
dyes against L. carinii of the cotton rat 


CHSUOraXSAfY 
CENTEK NO, 


STRDCTUXE 

XK Vmo INDEX 

912 

1 


“tP 

CH, ICll 

0 

025 

CH, lai 

0 

1001 


V^nJ-cooh 

/ \- 
C,H, lNO,l 

0.001 

921 


— CH=CH— yPi 

0.003 


to be administered to human beings, it seemed unwise to eliminate all but one 
compound at this early stage of the investigation. Furthermore, 12 compounds 
had therapeutic indices of 10 to 15. Only 4 of these showed less than 50 per cent 
of the activity of jJ?34S in vitro, while 5 were more active than the reference 
compound. These compounds were numbera 712, 713, 798, 824, 835, 871, 863, 
943, 963, 964, 965 and 967. All these w'ere retained temporarily for further 
study in regard to possible therapeutic utility in human filariasis, with the 
exception of ^712. This compound was omitted because of its very low 
solubility which accounts at least partly for its low degree of antifilarial activity 
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in vitro. This property also rendered an accurate measure of its chemothera- 
peutic activity impossible, since suspensions, rather than solutions, were injected, 
and residual drug was invariably found in the peritoneal cavity at autopsy 
following the administration of large doses. 

An additional factor, unanswered by any of the above considerations, but of 
paramount importance in transferring a drug of this group from the laboratory 
to the clinic, was its relative antifilarial potency for L. carinii of the eotton rat 
and for W. hancrofti of man. This would depend largely on the degree of 
similarity or dissimilarity in the metabolic characteristics of these two parasites. 
The impossibility of obtaining W. hancrofti for studies in vitro made it necessary 
to postpone the appraisal of this critical factor until the time of clinical trial of 
the particular cyanine dye eventually selected for this purpose. 

SiraiMARY AND CONCLUSIONS 

(1) In a routine “screening” program, the cyanine dye, (l-amyI-2,5-dimethyI- 
3-pyrrole)(l,6-dimethyl-2-quinoline) dimethincyanine chloride (Chemotherapy 
Center 348) was found to possess marked chemotherapeutic properties against 
the filarial parasite, Litomosoides carinii, of the cotton rat. 

(2) In doses which are only a fraction of those maximally tolerated this 
compound was able to produce complete cures when administered intraperi- 
toneally every eight hours for 6 days, once daily for 5 days, once daily for 3 days. 
Although a cure could be obtained with a single dose, the size of the latter 
approached that of the acutely lethal dose. 

(3) This compound inhibited the oxidative metabolism of adult L. carinii, in 
dilutions as high as 1:40 million. 

(4) A large number of related cyanine dyes were studied with regard to both 
their curative activity and their antimetabolic effect. The particular chemical 
structure which appears to be essential for the antifilarial effect, and the effect of 
various structural modifications on antifilarial activity, are discussed. 

(5) On the basis of a high degree of antifilarial activity both in vivo and in 
vitro, eleven compounds were selected for further study with the object of an 
eventual selection of one for clinical trial in human filariasis. 
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The parasympathomimetic properties of a number of alkyl polyphosphate 
compounds have been established in the course of several investigations into the 
pharmacologic actions of these agents. DuBois and Mangun (1) were the 
first to report the cholinesterase inhibiting effect of hexaethyl tetraphosphate 
(HETP). Thej' found that HETP was about four times as potent as diiso- 
propyl fluorophosphate (DFP) in inhibiting rat brain cholinesterase activit}’’ 
m vitro. Hagan and Woodard (2) studied the toxicity of HETP for several 
species. Deichmann and Witherup (3) repoi'ted that tetraethyl pjTophosphate 
(TEPP) was about two and a half times as toxic as HETP when given orally 
to rats. Mangun and DuBois (4) included TEPP in a comparison of the po- 
tency of these compounds with that of DFP in inhibiting rat brain cholin- 
esterase in vitro. They found that a 50 per cent inhibition was effected by 4 
X lO-^il/TEPP, by 1.6 X lO-s M HETP, and byO.3 X 10-«MDFP under the 
same conditions. Roeder and Kennedy (5) compared the effects of stimulating 
the afferent nerves entering the sixth abdominal ganglion of the cockroach 
in the presence of 6 X 1 0"® M DFP and of 2.5 X 10~’ M HETP. They observed 
similar changes consisting of prolonged after discharge in the giant fibers of 
the ventral nerve cord and ganglionic transmission alternating from facilitation 
to temporary block. Koppanyi, Karezmar and King (6) gave evidence that 
TEPP increases the sensitivity of sjTOpathetic ganglia at certain dosage levels. 
DFP and physostigmine were shown to har'e similar actions. Burgen et al. 
(7) compared the effects of TEPP and HETP on isolated tissues and on the 
chloralosed cat. Dajwit, Manry, and Seevers (8) made some detailed observa- 
tions on the pharmacologic action of HETP with special reference to its cardio- 
vascular, respiratory, and anticholinesterase effects in dogs. 

The purpose of this study was to compare directly, under the same e.xperi- 
mental conditions, some of the pharmacodynamic actions of HETP and TEPP 
with those of three other better Icnown cholinesterase inhibitors, e.g., physostig- 
raine, neostigmine, and DFP, in order to add to the information which might 
form the basis for selecting from these agents one which would serve best in 

‘ PreSiniinary report, Red. Proc., 7: 212, 194S. 

- This investigation was supported in part by the Office of Nav-il Research, under con- 
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the terms of this contract the Chemical Corps neither restricts nor is responsible for the 
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specific cases as a research tool or as a therapeutic agent. The comparative 
actions of these five anticholinesterase agents were o])servecl on the blood pres- 
sure, electrocardiogram, isolated heart, and small intestine of various species of 
experimental animals. 

Experi:uental. Effects on Blood Pressure. Fortj'-six eats weighing 2 to 
4 kgm. and 25 dogs weighing 7 to 12 kgm. were used in this study. The cats 
were anesthetized with 180 mgm./kgm. and the dogs with 150 mg./kgm. of 
Na-phenobarbital intraperitoneally. The trachea was cannulated in all animals 
and a Palmer positive pressure artificial respiration pump was used when re- 
quired. Blood pressure changes were recorded by a mercury manometer con- 
nected to the right carotid artery. The right femoral vein was used for injec- 
tion. Chest movements were recorded by means of n tambour actuated by a 
pneumograph placed on the chest. 

A single intravenous injection of 0.3 mgm./kgm. TIETP, 0.1 per cent in 
saline, generally produced a 30 to 40 mm. rise in blood pressure which reached 
its maximum in 1 to 2 minutes and subsided to normal in 7 to 10 minutes. 
This effect was not accompanied by any significant change in heart rate, or in 
respiratory rate or amplitude, A second injection of the same dose, given 15 
minutes to 4 hours after the first, produced a depressor response of about the 
same magnitude and duration (fig. 1). A third such dose also elicited a fall in 
blood pressure, this time attended by a marked slowing of the lieart and a fatal 
respiratory paralysis (fig. 1). Atropinized cats (1 mgm./kgm.) gave successive 
pressor responses to these doses of HETP and survived three to five times the 
amount tolerated by unatropinizednnimals. Largerdoses of atropine (10 mgm./ 
kgm.) afforded greater protection against HETP toxicity and enhanced the rise 
in blood pressure. The responses to 0.1 mgm./kgm. of TEPP or neostigmine 
and 0.2 mgm./kgm. of physostigmine were equivalent to those to 0.3 mgm./kgm. 
of HETP under these conditions. Furthermore, these drugs could be used inter- 
changeably in a series of injections eliciting the above described sequence of 
blood pressure changes, i.e. using the above doses the pressor response to any 
one was followed by a depressor response to the subsequent injection of another. 
The blood pressure changes produced by DFP alone were slight and variable, 
but 0.6 mgm./kgm. of DFP would reverse the pressor response to the subsequent 
injection of any of the above agents. 

When smaller doses of HETP (0.15 mgm./kgm.) were injected intravenously, 
successive rises of 10 to 15 mm. blood pressure could be elicited until the fourth 
or fifth injection which resulted in a depressor response. This sequence also 
resulted from comparable doses of TEPP, neostigmine, or phj'sostigmine and 
here again these drugs could be used interchangeably in the series of injections. 

The injection of 0.6 mgm./kgm. or more of HETP produced first a 30 to 40 
mm. rise in blood pressure lasting 2 to 3 minutes followed b}' a precipitous fall 
accompanied by a marked slowing of the heart and a great increase in pulse pres- 
sure suggesting strong vagal action ^vith A-V block (fig. 2). This picture per- 
sisted for as long as 30 minutes and artificial respiration was frequently required 
to prevent death. This change was not influenced by sectioning both vagi but 
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Note time intervals and terminal respiratory paralysis 
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was abolished by 1.0 mgm./kgm. of atropine. The approximate threshold doses 
required to elicit this response were 0.2 mgm./kgm. of TEPP or neostigmine, 
0.4 mgm./kgm. of physostigmine and 1.0 mgm./kgm. of DFP. In the case of 
DFP this action was without the preliminarj" rise in blood pressure and did not 
occur until about ten minutes after injection. Two successive doses of 0.3 
mgm./kgm. of HETP potentiated the depressor action of acetylcholine about 
ten-fold. Similar potentiation was produced by comparable doses of each of the 
other four drugs tested. 

The pressor effects of physostigmine and neostigmine have never been satisfac- 
torily explained (9, 10, 11). Experiments were therefore conducted to attempt 



Fig. 2. Blood Pressure Responses in Anesthetized Dogs (Sodiilm Phenobaiibit.\l) 
TO Single L.arge Doses of Each of Fiv'e Cholinester.asb Inhibitors Studied 
Showing marked primary pressor responses (e.xcept with DFP), and precipitous fall in 
blood pressure and great increase in pulse pressure (strong vagal action). Note delayed 
action of DFP and restorative effect of 20 mgm./kgm. of procaine. 

to elucidate the mechanisms involved in these blood pressure changes. Com- 
plete nicotinization of the animal by giving a series of injections of nicotine 
sulfate at short intervals (1 minute or less) until the pressor response to this 
drug was completely abolished did not influence the pressor responses to HETP, 
TEPP, neostigmine or physostigmine. Tliis indicated that any ganglionic effect 
was not nicotine-like. These drugs also elicited their typical pressor responses 
in adrenalectomized animals. Bilateral nephrectomy, vagotomy, evisceration 
or decapitation also had no definite effect on the pressor responses. 

Small doses of the sympatholytic agent dibenamine HCl (5.0 mgm./kgm.), 
which reverse the pressor effect of injected epinephrine, did not influence the 
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pressor response to HETP or nicotine. However, large doses of dibenamine 
HCl (30 mgm./kgm.) reversed the pressor response to both these drugs. This 
difference in the effects of adrenolytic and sympatholytic doses of dibenamine 
further supports the conclusion that liberated epinephrine does not contribute 
markedly to the pressor re.sponses to these dmgs. 

It is known (12) that the injection of procaine produces significant changes 
in the e.xcitability of the autonomic nervous sj'-stem. The depressor response 
to injected acetylcholine is greatly reduced, the pressor response to nicotine is 
reduced and the pressor response to epinephrine is increased. In a dose of 20 
mgm./kgm. procaine was seen to exert an atropine-like effect in prei^enting the 
depressor effects of HETP and TEPP and in abolishing the bradycardia and 
restoring a normal heart action after the larger doses of these drugs. Procaine 
was much less effective than atropine in this respect and the duration of its 
restorative and the extent of its protective actions were much less than that of 
atropine. 

Haimovici and Pick (13) reported that thiamine blocks the pressor action of 
nicotine. We found that 200 mgm./kgm. of thiamine-HCl given slowly in 
divided doses would effectively block nicotine and would markedlj^ suppress 
the pressor responses to HETP and TEPP. Thiamine also blocks the stimulat- 
ing effect of nicotine on striated muscle as shown on the frog rectus abdominis b}'^ 
Unna and Pick (14). They concluded that this action of thiamine was on the 
myoneural junction. 

Electrocardiographic Changes. The Sanborn string galvanometer electro- 
cardiograph was emploj'ed on 22 dogs. In order to obtain suitable records 
consistently the dogs Avere anesthetized with 150 mgm./kgm. of Na-phenobar- 
bital. Observations were made using the conventional Leads I, II, and III. 

Electrocardiograms taken following single intravenous doses (fig. 3) of the 
drugs being compared revealed that similar profound changes in cardiac rhythm 
were produced b3^ all of the agents. Electrocardiographic findings following 
HETP have been described by Da3Tit, Manry, and Seevers ( 8 ) who observed a 
marked sinus bradycardia ivithout an increase in the P-E, interval, a partial 
to complete A-V block, and with larger doses a disappearance of the P waves. 
In addition to these changes Ave regularly obserA^ed, Avith the fiA^e drugs studied, 
marked changes in the T AvaA'e, such as inA'ersion in all leads, or exaggeration 
AA'ith or AA'ithout inA'^ersion especially in leads II and III. On one occasion in- 
A'ersion AA’as seen in alternating cardiac C3'cles in all three leads after TEPP. 
Small doses Avere capable of producing a pi-essor effect Avith no Ausible electro- 
cardiographic changes. Moderate doses produced a sIoAving Avhich sometimes 
developed into A'aiying degrees of A-V block. Large doses frequentl3' precipi- 
tated a sudden A-V block Avithout preliminary sloAving, and in this case tlie P 
Avave often disappeared and there AA’as an increase in the magnitude and Amia- 
bility of the T Avave. . .r f 

The A-V block AA-as manifested in almost eA'eiy possible Ava3'. A-\ latios oi 
2 - 1 and 3 • 1 were frequently seen. More commonly however such blocks soon 
dm-eloped into complete A-V dissociation with approximate ratios ranging from 
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2:1 to5:l. There m’rs no evidence that there was any difference in the cardiac 
effects of HETP, TEPP, physostigmine, neostigmine, and DFP, except for the 
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delaj'ed onset of the action of the DFP. Since these changes were not affected 
by vagotomy but were prevented or abolished by atropine or procaine and pre- 
vented by thiamine given preidously, it is suggested that the site of action is at 
or peripheral to the intrinsic sjmapses of the parasympathetic innervation of the 
heart. Since the isolated heart was found to be highly resistant to all these anti- 
cholinesterase agents (see below) it appears likely that tlie observed effects on the 
heart of the intact animal are due to an accumulation of acetylcholine coming to 
the heart by way of the circulation. 

Effects on the Isolated Rabbit Heart. E-vperiments were conducted upon 40 
isolated rabbit hearts perfused with oxygenated Ringer-Locke solution at a pres- 
sure of 50 to 70 cm. of perfusion solution at 38°C. The aorta was canmilated 
and the perfusion fluid forced by gravity into the coronary arteries. Observa- 
tions were made on the effects of the anticholinesterase agents administered (a) 
as single injections into the perfusion line immediately adjacent to the heart and 
(b) in various concentrations in the stock perfusion fluid. 

The results of these tests indicated that the isolated heart exhibits little specific 
sensitivity to HETP or TEPP, as has been reported for physostigmine (15), 
DFP (16), and neostigmine (9). The injection of 1.0 mgm. (1,0 cc. of 1 : 1,000) 
of HETP directly into the cannula leading to the aorta and coronary circulation 
produced no apparent change in heart activity. In the intact cat or dog pro- 
found cardiac changes were always observed upon intravenous injection of 0.6 
mgm./kgm. Following the injection of 5 mgm. (0.25 cc. of 1:50) of HETP, 
the amplitude and coronary flow of the isolated heart were reduced to about one- 
half normal for about three minutes without any marked change in rate. A good 
heart notion was restored after this time but the amplitude did not return to 
normal (fig. 4). A second injection of the same dose produced the same reduc- 
tion in amplitude but this time an increase in rate of coronary flow occurred. 
However, the heart did not recover from the second dose and heart action 
stopped in about 15 minutes. These changes in amplitude and coronary flow 
were not influenced in any way by the presence of atropine in the Ringer-Locke 
solution in a concentration of 2 mgm./liter (fig. 4) . The responses of the isolated 
rabbit heart to TEPP, physostigmine, neostigmine, and DFP administered in 
this way were qualitativety the same as those described for HETP. 

The maximum concentrations of HETP, TEPP, physostigmine, and DFP 
tolerated for one hour Avithout effect on the isolated heart ivere determined 
when these agents Avere present in the oxygenated Ringer-Locke perfusion solu- 
tion. These concentrations are shown in table 1 along Avith an estimate of 
the extent to Avhich they reduce the amount of acetylcholine necessary to produce 
a minimal and cA'anescent slowing of the heart. These results shoAv no apparent 
correlation between the maximum tolerated perfused concentrations and the 
reported cholinesterase inhibiting capacity or the toxicity of the various agents. 
Furthermore there appeared to be no relation between the tolerated concentra- 
tions and the degree of the potentiation of the response to acetylcholine. 

The duration of the cardiac depression caused by minimal effective doses (0.2 
cc. 1 : 50,000) by acetylcholine AA'as increased about five times by preAdous treat- 
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merit with the anticholinesterase agents. The potentiation of the action of 
acetylcholine was less following temporary perfusion or single injections of 
sub-toxic doses of HETP than during continuous perfusion with the drug. 
However, the isolated heart from a rabbit sacrificed one day after receiving a 
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Fig. 4. Isolated Rabbit Heart Perfused with Locke-Rincer Solution 
Atropine did not influence the changes produced by HETP 


TABLE 1 

Maximum perfusion concentrations of anticholinesterase agents tolerated for one hour by 
isolated rabbit heart and restilfant potentiation of the scn8i7ii'«7f/ to acetylcholine 


ANTI-CROLl^rESTEKASE AGENT 

MAX. TOLERATED CONCN 

X io-« il 

APPROXIUATE \CrTYL- 
CKOUNE POTENTIATION 

DFP ... 

0.38 

40 times 

HETP ... 

2.0 

40 times 

TEPP . 

3.5 

40 times 

Physostigmine 

5.0 

20 times 


dose of 0.3 mgm./kgm. HETP showed about a 20-fold decrease in the dose of 
acetylcholine usually required to elicit a minimal response. 

These studies indicated no qualitative differences in the actions of the five 
drugs used on the isolated rabbit heart. Relativelj’- large amounts of each were 
required to produce what appeared to be a direct toxic effect. This action is 
considered totally independent of the anticholinesterase properties of the agents. 

Effects on the S})iaU Inlesline of the Rabbit. The comparative actions of the 
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five agents under investigation were studied using two liundred and tiiirty 
washed strips of rabbit ileum suspended in oxygenated Ringer-Locke solution 
in 100 cc. glass baths kept at a constant temperature of 37.5°C. Pai-allel tests 
were usually carried out on two intestinal strips recording simultaneously. All 
tests were made using gut specimens removed from a freshly killed animal. In 
a few experiments the motility of the gut in situ was recorded by means of a 
device described by Jackson (17). 

HETP, TEPP, neostigmine, physostigmine, and DFP produced qualitatively 
the same changes in the activity of the isolated rabbit ileum. The minimal 
concentration producing a characteristic gradual increase in tone and a delayed 
change from the normal pendular rhythm to a peristaltic t 3 'pe of rhjdhm was 
determined for each drug. A departure fi’om the pendular activity occurred 
abruptlj" 15 to 20 minutes after the introduction of the drug into the bath and 
the new peristaltic rhythm was characterized by a series of profound relaxations 
and strong contractions alternating at regular intervals of 1 to 3 minutes (fig. 5). 
This peristaltic ty'pe of rhythm persisted as long as recordings were made, 3 
to 4 hours in some cases. The reversibility of these changes of gut activity 
was tested by repeated washing. It was found that although these effects of 
physostigmine and neostigmine were easity reversed by washing, with a return to 
normal pendular activity, the effects of HETP, TEPP, and DFP could not be 
reversed by washing. These findings are summarized in table 2. The potencj’' 
of these drugs on the rabbit gut was of the same order as their rej^orted effective- 
ness as cholinesterase inhibitors (6). The effects of HETP on four intestinal 
strips from two guinea pigs were essentially the same as those observed on the 
rabbit ileum. 

Atropine sulfate in a concentration of 3 X 10~® M restored normal tone and 
activity following the onset of the changes induced by a minimal effective dose of 
each anticholinesterase drug (fig. 6A). The magnitude of the antagonizing 
molar concentration of atropine (10“®) is of’the same order as that of the minimal 
effective concentrations of all five agents. Larger doses of the cholinesterase 
inhibitors (100 to 1000 times the minimum effective dose) broke through the 
protection afforded by the above concentration of atropine but did not complete^' 
abolish the normal pendular rhythm. The fact that a given concentration of 
atropine blocked the action of a nude range of doses of a cholinesterase inhibitor 
probably indicates that the atropine is antagonizing endogenous acetylcholine 
which may be independent of the dose of the inhibitor over this range. 

An increase above the minimal effective concentration of the anticholines- 
terase drug in the bath resulted in a more rapid onset of the typical changes in 
the rhythm of the intestinal strip. A one hundred-fold increase in concentration 
gave rise to an immediate effect. One-tenth the minimal effective dose of 
HETP potentiated the response of the gut to acetylcholine about 100 times. 
The administration of acetylcholine into the bath after a minimal effective dose of 
HETP hastened the onset of effect of the latter. Acetylcholine itself, however, 
did not induce the changes in rhjThm described above for the cholinesterase 
inhibitors. 
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Fig. 5. Isolated Rabbit Ileum Suspended in 100 cc. Bath or Oxygenated Locke 
Ringer Solution to >\tiicii the Above Indicated Doses were Added 
Note slow rise in tone, delayed sudden change from pendular to peristaltic rhythm, and 
reversibility of the effect of neostigmine by washing. 


TABLE 2 

Minvnal effective conccn/ra^ions of anticholinesterase drugs producing changes in 
rhythm of isolated rahhit ileum, and the influence of washing 



UIKIUAL ErrECTIVE CO.VCENTi-AIION 


AGFN’T 

X vr* 

IS EFFECT REVERSED 
CT WAStllNC? 


By Weight 

On ilolar Basis 

TEPP 

1.0 

3.5 

No 

Physostigminc 

1.4 

3.5 

Yes 

Neostigmine .... 

1.4 

4.3 

Yes 

HETP.. 

5.0 

9.8 

.No 

DFP 

10.0 

54.3 

No 
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Fig. 6. Isolated Rabbit Ileum as in Fig. 5 

(a) The revereal to pendular rhythm caused by atropine was removed by washing, (b, c) Procaine and thiamine caused 
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The nature of the response of the intestinal strip to these drugs was further 
studied in relation to nicotine, procaine, and thiamine. A series of injections of 
nicotine (0.2 cc. of 1:10,000 into a 100 cc. bath) at about five minute intervals 
resulted in successively smaller fleeting increases in tone until at the end of the 
fourth injection the intestinal strip was no longer responsive. Here it is sup- 
posed that the nicotine paralyzed neiwe tissue only (ganglion cells), for the 
normal pendular activity, which is thought to be independent of nerve tissue, 
was not affected. When an effective dose of HETP was then given, there 
resulted an increase in tone and a decrease in amplitude but not distortion of 
rhj^hm. If a series of nicotine injections was introduced into the bath after the 
full HETP effect was produced, the pendular type of activity was restored. 

Procaine-HCl in a concentration of 5 X 10“* maintained normal pendular 
activity if given before or restored it if given after an effective dose of any of the 
cholinesterase inhibitors studied (fig. GB). The action of procaine was like that 
of atropine except that the rise in' tone was not blocked. Procaine merely 
preserved the pendular rhythm. Procaine in doses which had little effect on gut 
activity blocked the effects of nicotine and reduced the response to acetyl- 
choline, The significance of this will be discussed later. 

Thiamine-HCl in a concentration of 5 X 10~* was also effective in reversing 
the effects of minimal effective concentrations of the cholinesterase inhibitors 
(fig, 6C), Unna and Pick (18) have shown that thiamine will block the'action 
of nicotine on the gut. Following HETP, TEPP, and DFP the blocking ac- 
tions of thiamine, atropine or procaine could be reversed by flushing out the 
bath; this reestablished the typical peristaltic rhji,hm previously induced by 
these agents. This effect in the case of atropine is demonstrated in fig. 6A, 

Small doses of HETP (less than 0.15 mgm./kgm.) which did not elicit marked 
blood pressure responses produced a marked contraction of the small intestine 
in situ in the cat. The increase in tone and increased peristaltic action under 
these conditions lasted only about 20 minutes. Similar responses were ob- 
served with comparable doses of each of the other four cholinesterase inhibitors. 
Apparently the distribution of the drug in the intact animal is such that the 
concentratibn attained in the intestine has only a fleeting action. 

Preliminary' tests showed that the isolated uterus of the rabbit or guinea pig 
was not responsive to the drugs studied here. 

Discussion. The results of this comparison of five potent cholinesterase 
inhibitors discloses an extensive parallelism between these drugs with respect 
to certain pharmacologic actions. With only one exception, namely the failure 
of DFP to elicit a consistent pressor response upon intravenous injection in the 
dog and cat, all five agents exhibited the same pharmacologic properties when 
tested upon the circulation of anesthetized dogs and cats, upon the electro- 
cardiogram in the anesthetized dog, and upon the isolated heart and intestinal 
strip of the rabbit. Since these five drugs gave qualitatively similar responses, 
it is not unlikely that a common site and mode of action is the causal factor in 
producing these responses in the physiologic systems tested. The manner in 
which the effects are influenced by other pharmacologic agents and the fact that 
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these drugs are interchangeable in eliciting the characteristic sequence of blood 
pressure responses with repeated doses in the intact animal constitutes further 
support for a common mode of action. 

It is readily conceivable that in the case of the isolated intestine, this mode of 
action is based solely on the anticholinesterase activity of the drugs. Here it 
seems significant that the minimal effective concentration of these agents was of 
the same order as the reported 50 per cent cholinesterase inhibitory concentra- 
tions (6) . In the case of the isolated heart, however, where there is no accumula- 
tion of acetylcholine, the observed effects of these cholinesterase inhibitors 
could hardly be attributed to an inactivation of cholinesterase. Their actions 
here were still markedly similar, however, though the amounts necessary were 
so large that the effects could not possibly be of significance in intact animal 
studies. 

The pressor effects of these agents have been described (6, 9, 10, 11) but 
they have not been satisfactorily explained. Koppanyi et al. (6) offer evidence 
that the cholinesterase inhibitors alter the sensitivity of sympathetic ganglia. 
In confirmation of the results of other workers we were not able to diminish 
significantly the responses to these drugs by adrenalectomy or evisceration. 
Nicotinization also had no influence. However, we succeeded in reversing the 
pressor effects of HETP, TEPP, physostigmine and neostigmine by large sym- 
patholytic doses of dibenamine. Smaller adrenolytic doses of dibenamine did 
not modify the pressor responses. These facts constitute evidence that the 
drugs either are able to stimulate sympathetic ganglia which are presumably 
paralyzed by nicotine, or can exert a peripheral sympathin-like action which 
requires large doses of dibenamine to neutralize. Neither of these possible 
actions could be considered referable to an inhibition of cholinesterase. ' 

A veiy rapidly developed apparent tachyphylaxis to the pressor action of 
these agents was observed. This was not a true tachyphylaxis, however, for 
the atropinized animal gave successive pressor responses to repeated moderate 
doses until a respiratory paralyzing dose accumulated in the body. It is logical 
to suppose that small pressor doses do not have sufficient anticholinesterase 
acthdty to result in any obvious parasympathetic stimulation, but with repeated 
doses the cumulative antiesterase action becomes dominant and any persisting 
peripheral vasoconstriction is masked. 

■RTiy DFP does not elicit a pressor response like the other drugs studied is not 
known. Some light on this question may be furnished by the fact that DFP has 
a greater affinity for the non-specific plasma cholinesterase than for the specific 
true cholinesterase of brain and peripheral nerve (21, 22). It is well knovm that 
very low plasma esterase levels are not necessarily reflected in pharmacodynamic 
responses. It is significant that DFP, which does not exhibit a pressor action, 
readily contributes to the induction of tachyphylaxis to the pressor action of 
HETP, TEPP, physostigmine and neostigmine. 

In the intact animal the cardiac effects of the agents studied may be e.xplained 
by the accumulation of acetylcholine. Since these effects are not influenced by 
vagotomy but are abolished or prevented by atropine, and do not occur in the 
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isolated heart, one must conclude that the accumulated acetylcholine in this 
case comes to the heart by "way of the circulation, and is not the product of a 
stimulation of the parasympathetic ganglia in the heart muscle b}’’ the anties- 
terases themselves. It is possible, however, that the acetylcholine so accumu- 
lated may induce such a ganglionic stimulation, thus resulting in the liberation 
of more acetylcholine at the nerve endings. The comparatively weak blocking 
action of procaine, compared with that of atropine, against the cardiac effects 
of the esterase inhibitors, may be explained on this basis. It may be presumed 
that procaine eliminates the action of acetylcholine on the sjmapses but affects to 
a lesser extent (19) the action on the cardiac effector cell. 

In the case of the isolated rabbit heart it was observed that the maximum 
concentrations of the antiesterase drugs tolerated for one hour without effect 
were of the order of 10,000 times more than the minimal concentrations which 
would produce an increase in tone and a change in rhythm of the isolated rabbit 
intestine. This difference would be expected from the fact that acetylcholine is 
continually being formed in the isolated gut (23) but not in the isolated heart. 
The atropine-like action of procaine and thiamine in reestablishing a normal 
pendular rhythm after its distortion by the esterase inhibitors suggests that 
ganglionic stimulation plays a role in the effects of the latter on the gut, since 
procaine and thiamine are thought to interfere with nerve transmission but not 
with the action of acetylcholine on the effector cell. It is supposed that such a 
ganglionic stimulation results from the accumulated acetylcholine and not 
directly from the esterase inhibitor itself. It is significant that nicotine, in 
concentrations sufficient to paralyze the ganglion ceUs, prevents the typical 
change in rhythm induced by the antiesterascs. We were not able to elicit this 
change with acetylcholine itself, possibly due to the failure of this agent to gain 
access to the exact site at which the physiologically liberated acetylcholine 
acts. 

The mechanism by which the anticholinesterase agents abolished the pendular 
movements in the rabbit gut and set up a slow peristaltic rhjd;hm is not clear. 
The fact that the pendular activity can continue in the presence of atropine, 
procaine, thiamine, and nicotine suggests that this beha\dour is independent 
of neurogenic factors. These drugs, however, readily prevent or abolish the 
peristaltic activity induced by the antiesterascs, suggesting that this beha%nour 
is on a neurogenic basis and depends on the accumulation of acetylcholine. It 
is conceivable that the onset of the peristaltic action, accompanied by strong 
constriction rings in the circular muscle, interferes with the contractions of the 
longitudinal muscle which constitute the pendular movements. 

It was observed (table 2) that TEPP, physostigmine, and neostigmine were 
approximately equal in potency with respect to the minimal molar concentrations 
producing a change in rhythm in the isolated rabbit gut, while HETP and DFP 
were less effective. It is of interest to note that Koppanyi el al. (6), using a 
pharmacodynamic response in the dog to estimate the concentrations of TEPP, 
physostigmine, HETP, and DFP necessary to produce 50 per cent inhibition of 
cholinesterase arrived at the same relative potencies for these agents as were 
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derived from our experiments. Though our absolute concentrations were of the 
order of 100 times higher than those tabulated by Koppanyi et al., they are 
approximately equivalent to the 50 per cent esterase inhibiting concentrations 
measured directly on rat brain and cockroach tissue (1) and considerably lower 
than similar measurements on human and horse serum (20). To what extent 
the isolated rabbit intestine might be useful in the bioassay of the cholinesterase 
inhibiting activity of chemical substances must be a subject of further investiga- 
tion. 


SUMMAEY 

1. The pharmacological effects of HETP and TEPP were compared with those 
of physostigmine, neostigmine and DFP on the blood pressure of anesthetized 
cats and dogs, on the electrocardiogram of anesthetized dogs, and on the isolated 
heart and intestine of the rabbit. 

2. In these tests HETP and TEPP e.xhibited no qualitative differences in 
action from physostigmine and neostigmine. 

3. With the exception of DFP, all of the drugs compared elicited qualitatively 
similar cardiovascular responses. DFP lacked a definite pressor effect and the 
onset of electrocardiogi-am changes was delayed. 

4. Typical electrocardiographic changes following each drug were bradycardia, 
A-V block and dissociation, exaggeration and inversion of the T wave, and disap- 
pearance of the P wave. 

5. The isolated rabbit heart was relatively insensitive to high perfusion con- 
centrations or to single injections. Effective concentrations of each drug caused 
depression in amplitude without change in rate. The order of potency in this 
respect was DFP > HETP > TEPP > physostigmine. 

6. The isolated rabbit intestine exhibited a high degree of sensitivity to 
all these agents. After a latent period the pendular movements were inter- 
rupted by a slow peristaltic type of activity. In their minimal effective concen- 
trations these drugs bore the same relation to each other as in their reported 
anticholinesterase activities. Their effective concentrations were also of the 
same order as the 50 per cent cholinesterase inhibiting concentrations which have 
been reported. 

7. These changes produced by HETP, TEPP, and DFP in the isolated intes- 
tine were not reversed by flushing the bath while the changes induced by physo- 
stigmine and neostigmine were reversed by flushing. 

8. The tested pharmacologic actions of each of the five antiesterases were 
influenced in a similar way by other drugs, such as atropine, dibenamine, nico- 
tine, procaine, and thiamine. 
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Although much is kno^vn of the toxicity of aromatic amino compounds, 
little is understood about factors which influence their effect in vivo. Claims 
have been made concerning the aggravating effect of alcohol on the methemo- 
globinemia of aromatic amines (1), and the protective effect of partial hepatec- 
tomy in aniline poisoning (2). In this report the advantage of the fasting 
over the postprandial state in withstanding exposure to vapors of commercial 
xylidine is demonstrated. Fasted cats were found to tolerate exposure to the 
xylidine-laden atmosphere for hours without evidence of serious disturbance. 
On the other hand, cats given large amounts of protein by forced feeding prior 
to exposure to xylidine exhibited a striking syndrome characterized by hyperpnea, 
panting, ptyalorrhea, agitation, and not infrequently death. Pathologic studies 
were made in search of a basis for this marked difference in reaction. 

Phoceduhe. The procedure adopted for exposing animals to xylidine by inhalation 
resembled that previously reported from this laboratory (3) . Aliquots of a single shipment 
of xylidine recently received or purified by distillation wore placed in the bubbler, and air 
was passed through this and on into a 400-liter capacity exposure chamber at a rate of about 
20.6 liters per minute. This vapor was diluted with air from a line having a flow of 170 
liters per minute, thus insuring adequate ventilation . By employing a commercial prepara- 
tion of the 6 xylidine isomers, conditions which might actually occur were more nearly 
reproduced. Xylidine concentration in the chamber atmosphere was determined by col- 
lecting an air sample in dilute H-SOj, diazotizing end coupling with “H acid” (3). 

Two to 6 cats, including at least one fasted and one yeast-fed animal (force-fed), were 
put in the chamber — usually in the evening — and were left there with intermittent obser- 
vation for about 16 hours. Healthy adult cats were used which had been acclimatized to 
the laboratory environment at least four months. A few more female than male cats were 
used, but an equal sex distribution was achieved between the fasted and fed groups. 

After the first three experiments the respiratory rate and estimated degree of salivation 
were recorded at each observation. Respiratory rates were counted in triplicate by gross 
inspection with a stop watch. 

A suspension of dried brewer’s yeast (Vita Food Green Label), 20 per cent by weight in 
skim milk, plus 5 per cent liver powder (Lilly) was given by gastric intubation in the first 
three experiments, whereas a 25 per cent suspension of yeast in skim milk was administered 
subsequently. The fasted animals were offered no food after their last regular meal, either 
24 or 48 hours prior to exposure, and in the first three experiments were given water by in- 
tubation in amounts equal to the yeast-milk feedings. 

In a first series of three experiments, it was planned to determine the effect of high pro- 
tein intake and of p-aminobenzoic acid (PAB), a possible antidote (4), on survival, patho- 
logic changes, methemoglobinemia, and Heinz body formation after exposure to xylidine 
vapors. Methemoglobin (MHb) and total hemoglobin concentration were determined ac- 
cording to the method of Horecker and Brackett (5). The blood turbidity ratio, which is 
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a quantitative pliotometric measure of the turbidit}' imparted to bemolyzed blood by the 
insoluble Heinz bodies, was measured by the method of Horecker (6). The force-fed ani- 
mals were given 20 cc. per kgm. of ycast-liver-milk suspension three times during the 8 
hours preceding exposure in all three experiments, and were given the same amount once, 
24 hours before exposure in the first two experiments or tests. The xylidine concentration 
determined once during the exposure was 0.18 and 0.17 mgm. per liter in the first and second 
tests. 

A second series of S experiments was carried out employing the same exposure procedure 
as previously except on two tests which were started in raidforenoon. The ycast-mllk sus- 
pension was tube-fed in 75 (d: 25) cc. amounts once daily, 1 to 4 days before exposure and in 
60 (± 10) cc. amounts once or twice in the 6 hours preceding the start of exposure. The 
xylidine concentration measured at different times on several runs varied between 0.11 and 
0.27 mgm. per liter. 

In a final series of 5 experiments the fed animals were given by intubation about 55 cc. 
of yeast-milk mixture or skim milk 2 to 4 hours and 50 cc. one-half to one hour before being 
exposed. One of the two fed animals in each of the last two tests received skim milk with- 
out yeast. In addition, the non-fasted cats were offered their regular diet of meat and milk 
after the first intubation. Tlie xylidine concentration in the chamber atmosphere measured 
once during each tost was 0.10 d: .035 mgm. per liter. 

Kestjlts. As noted in tabie I, aU the tasted animals survived more than 24 
hours after e.\posure, whereas 29 per cent of the fed animals died during e.\posure, 
and 17 per cent died the following day. Inasmuch as the effect of feeding on 
xylidine toxicity appeared to be an acute one, only the early survival data are 
given. Serious hepatic and other lesions developed later, equalizing the over- 
all survival in the two groups. 

The mean of the respiratory rates for all cats observed at specific intervals 
during, and in some instances before, exposure are shoun in table II. The 
observation time varied in different tests, so the number of cats on which the 
mean was determined differs at each interval. The wide range of variation in 
the rates might be in part attributed to the tendency — referred to later — for 
the toxicity of xjdidine, and the effect of feeding on this toxicity, to vary with 
the season. 

A rate of 70 or more per minute was observed in 94 per cent of the fed animals 
and in only 22 per cent of the fasted cats. A rate of 200 or more per minute 
occurred in 59 per cent of the fed group but in only 4 per cent of the fasted 
animals. A respiratory rate greater than 200 was observed in 80 per cent of the 
animals in the second and third series that died uithin 24 hours of exposure. 
The accelerated respiration first appeared from 15 minutes to several hours after 
onset of exposure and generally wore off toward the end of exposure. The rate 
often decreased markedly shortly after an emesis. 

The one animal exposed first in the fasted and months later in the fed condition 
developed tachypnea only on the latter occasion. Many of the fed animals, but 
none of the fasted, developed a syndrome characterized by marked agitation, 
panting, cyanosis, ptyalorrhea and a glassy fixed expression about the ej’^es. 

It was evident that the degree of ptyalism resulting from the xjdidine inhala- 
tion was greater in the fed animals. No salivation was noted in 74 per cent of 
the fasted animals in the second and third series, and only a moderate degree of 
ptyalism was observed in the remaining 26 per cent. This contrasts with the 55 
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per cent of the fed animals showing marked to extreme ptyalism in which a 
steady flow of saliva dripped from the mouth and soaked the face, thorax, and 
forelegs. 

TABLE I 


Survival of fed and fasted cats exposed to xylidinc inhalation 


EXPERIMENTS 

TOTAE NO. CATS 

NO. DIED DimiXG 
EXPOSURE 

SO. DIED WITBIS 2i 
BUS. APTER END OP 
EXPOSURE 

KO. SURVIVED > 24 
HRS. 

Fasted animals 

1- 3* 

12 



-w. 

12 

4-llt 

17 

— 

— 

14 

12-15 

10 

— 

— 

10 

Fed animals 

1- 3 

6 

5 

1 

0 

4-1 If 

17 

4 


10 

I2-16t 

15 

2 

5 

8 


* Half the animals received PAB solution instead of water at intubation, 
t A fasted and fed animal sacrificed for histopatfaology at end of exposure in three cxperi- 
ments. 

J Survival the same in milk and milk + yeast-fed groups. 

TABLE II 


Respiratory rates in fed and fasted cats before and during xylidinc exposure 
(Respirations per minute) 




TASTED ANDIAtS 


1 IXD AXIMAI5 

OP EXPOSURE 

No. of cal5 
obsen'ed* 

Mean i 

irespiratory rale 

Std- dev, j 

No. of cats 
observed* ' 

^ Mean j 

respiratory rate: 

Std. dev. 

Before exposure 

3- 6 

! 8 

43.0 i 

j 16.5 j 


41.4 i 

16.1 

0- 2 

8 

1 40.3 i 

1 15.7 

■n 

44.6 

1 

17.0 

During exposure 

X 

8 

28,6 j 

11.5 i 

9 ^ 

40,1 ' 

12.9 

1- 2 

7 1 

31.3 

14.0 1 

12 i 

157.5 ' 

72.5 

3- 4 

27 ! 

45,6 i 

31.3 1 

29 i 

186.8 

96.7 

5- 6 

11 1 

53.3 i 

60.0 

13 i 

151.1 i 

69.2 

7- 0 

10 i 

' 28.7 

9,4 1 

15 1 

133.0 1 

05.5 

13-16 

6 

1 

24.2 ] 

9.5 j 

9 1 

1 

57. S 

1 

49.8 


* When rates were recorded twice in a given time interval for an animal, the average of 
these two was used in computing the mean for all the cats. 


MHb and Heinz body determinations on most of the animals e.xposed in the 
second series of experiments failed to reveal a difference between the fasted 
and the fed groups at the end of e.xposure. That the hyperpnea in fed cats was 
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not due to a high level of methemoglobinemia was shown by the virtual absence 
of MHb from blood samples of three fed animals taken at a time when they ex- 
hibited marked tachypnea. The effect of the administration of PAB to half the 
fasted animals in the first series of experiments which tended to show that PAB 
enhanced and prolonged the xylidine-induced rise in the MHb and Heinz body 
levels will be reported elsewhere. 

Certain incidental observations may be mentioned. Periodic er 3 ’’throcj"te 
counts and hemoglobin and hematocrit determinations revealed severe anemia 
in a few cats about 7 daj'S after exposure, followed in the survivors by a marked 
reticulocytosis sometimes reaching 70 per cent. In addition, numerous large 
Heinz bodies and a pink benzidine-positive plasma were observ'ed in the anemic 
cats. Animals weak and prostrate m the cage two or three days after exposure 
were seen on occasion to produce a red-orange discoloration of the sawdust 
where contaminated with saliva. Reddening of wood shavings — a commonly 
observed property of urine from animals treated unth aniline — vindicates in this 
instance excretion of xylidine metabolic derivatives in the saliva. 

The first and third series of experiments carried out in succeeding summers 
showed the difference between fasted and fed animals more strikingly than did the 
second series of 8 tests carried out during the intervening winter. However, 
the average xylidine concentration attained in the first and third series fell 
respectively above and below that found in the inter\'ening (ninter) series. 
This indicates a seasonal effect, the causes for which have not been investigated. 

Pathology. Studies were made on formalin-fixed tissues of 27 fasted and 
26 force-fed cats exposed to xylidine. Sections were stained with azure eosinate 
and frequently for hemosiderin, fat (7) and hemoglobin (8). Pathologic changes 
varied with the length of survival. 

Changes in the Liver. In the first 48 hours, there was usually centrolobular 
congestion. Most of the liver cells, centrolobulnrly or diffusely, showed in- 
creased c 3 ^oplasmic eosinophilia and a variable amount of fat; a few cells were 
necrotic. Cats dying 3 to 1 1 days after exposure (3 to 1 1-day cats) often showed 
extensive centrolobular necrosis ^dth disappearance of many liver cells, leaving a 
collapsed congested stroma moderately infiltrated chiefly b^’ hemosiderin-laden 
and fat-laden phagocytes. Proliferation of small bile ducts and of bile duct 
epithelium was common. Most of these cats were jaundiced and showed in- 
spissated bile casts in man}' canaliculi and bile-stained material in some bile 
ducts. One jaundiced cat dying 53 daj's after exposure showed in addition to 
such changes some interportal fibrous bands suggesting a possible beginning 
cirrhosis. Four other cats examined after the eleventh day showed no significant 
changes. 

Changes in Other Organs. Pulmonary edema of variable extent was noted in 
10 of 10 one- to five-day cats that had a maximum respiratory' rate of 150 or 
more per minute during exposure and in only 1 (rate 84) of 11 such cats with a 
maximum respiratorj' rate below 150 (24 to 144). It was not seen after the fifth 
day. The myocardium of cats dying ^nthin 4 days after e.xposure showed 
slight to moderately marked, patchy or diffuse, fatty degeneration. The kidneys 
were often congested, and some showed hyaline and granular casts or bile- 
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stained material in a few tubules. Hemoglobin casts Avere noted in seven of nine 
5-day and 6-day cats. The thymus of cats dj’-ing Avithin 4 days after exposure 
was often markedly congested; about half showed scattered petechiae. No 
petechiae were noted after the fourth day, but involution of the th3Tnus Avith 
cortical depletion of lymphocytes was common. The adrenal cortex of one 3- 
day cat showed several areas of hemorrhagic necrosis. The spleen of one 5-day 
cat showed several infarcts. Hemosiderosis of the spleen, lir^er, lungs and renal 
convoluted tubules Avas frequently marked after the third day. 

Discussion. Pulmonary edema noted here for the first time as a feature of 
xylidine toxicity Avas confined to, and involved the majority of, 1- to 5-day cats 
showing marked hyperpnea. Whether the edema constitutes a basis for the 
hyperpnea or simply occurs with it as a result of the same or separate etiologic 
processes remains a question. There is experimental evidence in rats that 
petechiae in the thymus may occur after severe anoxia (9) and rapid involution 
of the thymus may occur after a variety of noxious agents (10). Perhaps this 
may explain the changes in the thymus of our exposed cats. 

It is thought that the severe anemia noted in a few cats AA^as due to intra- 
A'ascular hemolysis since in these animals there was obsen^ed a pink, benzidine- 
positive plasma. Moreover, cats dying after the fourth day often shoAved 
hemoglobin casts in the renal tubules, broAvn benzidine-positive sediment in the 
urinary bladder, and hemosiderosis of the viscera. 

The greater susceptibility of fed cats to acute effects of xylidine vapors cannot 
be attributed to a summation of toxic effects, for the milk, or yeast and milk 
feedings alone, produced no significant symptoms or lesions. Emesis occurring 
during exposure Avas often followed by considerable relief of respiratory distress. 
Symptoms in the fed animals subsided after exposure for several hours, so that 
the survivors in this group, aside from appearing weaker, resembled the controls 
at the end of exposure. The enteric absorptive process is apparently required 
for deA'^elopment of the effect. 

As an explanation for the increased susceptibility during food absorption, it 
may be postulated that the postprandial acceleration in metabolism of amino 
acids — some of them aromatic amines — opens pathways AA^hereby the oxidation, 
conjugation, or other metabolic alteration of xylidine to toxic intermediaries is 
augmented. Perhaps, also, the increased splanchnic blood and lymph flow in 
fed animals augments reabsorption of toxic derivatives excreted in the intestine 
(3). Finally, it is possible the increased circulatory and metabolic load in the 
postabsorptive state may overburden a toxic heart AA'hich is probably functionally 
impaired, as suggested by the fatty degeneration noted above. 

SUMJIARY 

In contrast to fasted cats, those fed miUc or milk and yeast reacted to xylidine 
vapors Avith an acute disturbance characterized bj' hj'perpnea, panting, ptyalism, 
and frequently early death. SurAUAmrs of both groups dcA'eloped a high leA’^el 
of MHb and Heinz bodies in the blood, often followed by a severe hemolydic 
anemia and jaundice. 



TOXICITT OP XYLIDINE 


261 


Pathologic studies showed pulmonary edema occurring chiefly in the hy- 
perpneic animals and lesions of the liver, kidney, heart and thymus occurring 
in both groups. 
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Among the interesting chemical compounds which came to the attention 
of the Technical Intelligence Committee at the end of the recent war in Germany 
was p-dimethylaminobenzenediazo sodium sulfonate (DAS) which has the follow- 
ing chemical structure: 

CHs 

N— N==N— SOsNa 

ch/ 

This compound has been employed in Germany as a rodenticide; however, infor- 
mation concerning the toxicity of DAS, its efficacy as a rodenticide and its 
pharmacological action has been lacking in this country. Our interest in this 
new compound was stimulated not only by its possible value as a rodenticide 
but also by the close chemical similarity between DAS and the carcinogenic 
azo dyes. 

The present investigation on DAS was carried out to (a) measure the acute 
toxicity to several species (b) ascertain its efficacy as a rodenticide and (c) 
observe the pathological and pharmacological effects produced by the compound. 
Some experiments were also performed on N,N-dimethyl-p-phenylenediamine 
since this compound was the starting product for the s 3 mthesis of DAS and 
might be formed during the metabolism of DAS as it is in the case of other 
similar azo dyes (1). Comparable experiments with DAS and N,N-dimethyl- 
p-phenylenediamine might, therefore, indicate whether the parent compound or 
a diamine derivative was responsible for the toxic action. 

Methods. Sprague-Dawley rats (ca. 200 grams), Carvrorth mice (ca. 20 grams), adult 
guinea pigs (ca. 600 grams), adult rabbits (ca. 3 kgm.) and adult dogs were employed for 
these studies. DAS was synthesized by diazotization of N,N-dimethyl-p-phenylenedi- 
amine and subsequent sulfonation according to the procedure of Stolid (2) . Aqueous solu- 
tions of DAS and N,N-dimethyl-p-phenylenediamine were administered intraperitoneally 
and mortality was observed for 10 days following administration of the drug. 

For blood studies on rats and guinea pigs samples were taken by cardiac puncture from 
ether-anesthetized animals before and at intervals after the administration of DAS or the 

’ The work described in this paper was done under contract between the Medical Di- 
vision, Chemical Corps, U. S. Arm 3 ' and the University of Chicago To.vicity Laboratory. 
Under the terms of the contract the Chemical Corps neither restricts nor is responsible for 
the opinions or conclusions of the authors. 
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diamine. Blood samples were taken from the marginal ear vein of unanesthetized rabbits 
and by cardiac puncture from mice under sodium pentobarbital anesthesia (SO mgm./kgm. 
intraperitoneally). Successive blood samples were taken from the same animal except in 
the case of mice where only one sample of blood was withdrawn from each mouse. 

Blood glucose was measured by the method of FoUn and Malmros (3) using a Somogyi 
blood filtrate (4) and glycogen was determined according to the method of Good et al. (5). 
For the measurement of the reducing value of urine the samples of urine were diluted with 
an equal volume of 0.05 N oxalic acid, then thoroughly mixed with Fuller’s Earth (150 
mgm./cc.) and centrifuged (6). A Somogyi filtrate was prepared from the supernatant 
liquid and the reducing value was measured by the same procedure employed for the blood 
samples. 

Experimental. Toxicity of DAS and N fN-dimcthyl-'p-phenylcncdiamine to 
mammals. Tlie acute toxicity of DAS to mammals was measured in order to 
evaluate the rodenticidal action of the compound and to ascertain which species 
exhibited the greatest susceptibility toward the toxic agent. Comparable toxic- 
ity measurements were performed on N,N-dimethyl-p-phenylenediamine to 
observe whether the species susceptibility to this compound was similar to that 
for DAS since such a comparison might indicate whether the acute toxic action 
of DAS was due to the parent molecule or a diamine resulting from the degrada- 
tion of DAS 171 vivo at the azo linkage. The acute toxicity of DAS and N,N- 
dimethyl-p-phenylenedlamine given intraperitoneally to five species is shoum 
by the data in table 1. The approximate LDjo values for rats, mice and guinea 
pigs were determined by the log probability method while values for rabbits and 
dogs were obtained by gross inspection of the data. 

These toxicity data demonstrate that there is considerable variation in the 
susceptibility of different species to DAS. In comparison uith rats for which 
the LDfio was 15 mgm./kgm., mice were over four times more resistant, guinea 
pigs twice as resistant and dogs and rabbits exhibited a susceptibility similar 
to that shown by rats. No sex or age differences in the susceptibility of animals 
to DAS were observed. 

The species variation in susceptibility to N,N-dimethyl-p-phenylenediamine 
differed considerably from that observed with DAS. The LDw for mice and 
rats was nearly the same, being 21 and 25 mgm./kgm., respectively, while 
rabbits were about five times more resistant and guinea pigs twice as resistant 
as mice toward the compound. Thus, the difference in susceptibility of various 
species to the two compounds suggests that the toxic action of DAS does not 
depend upon its conversion to a diamine in vivo, 

Sym'piomatology and'pharmacodynamicohscrvaiionsoj DAS. Acutely to.xicdoses 
of DAS produced a general depression and an apparent exhaustion of energy in 
all of the species studied. In rats after twice the LDm dose these reactions 
began within 2 hours after poisoning with the depression progressing until, 
in the terminal stages of poisoning, the animals became flaccid and made no 
attempt to right themselves when placed on their backs. Sometimes slight 
tremors were observed and convulsions almost always preceded death. Or- 
dinarily death occurred within ten hours after acutely lethal doses of DAS 
but sometimes it was delayed for several days. 
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In dogs anesthetized with sodium pentobarbital (35 mgm./kgm. intraperi- 
toneally) the blood pressure, as measured with a mercuiy manometer connected 
to a cannulated carotid arterj’’, decreased after the intravenous administration 
of 30 mgm./lrgm. of DAS. Five minutes after the injection of DAS the blood 
pressure began to decrease and b 3 ^ 35 minutes it had fallen to the extent of 45 
mm. of mercury with no further decrease until death of the .animnls occurred. 
About 0.5 hour after DAS was administered the depth of respiration decreased, 
and the rate increased from 19 to 24/minute. The depth of respiration then 
increased and remained above normal for about 3 hours while the rate remained 
around 22/minute for 2 hours then gradually decreased. At 3 hours after DAS 
was administered the respiration became shallow and irregular and ceased in 
about 15 minutes at which time artificial resphation was begun. With con- 
tinuous artificial respiration the blood pressure gradually dropped and the heart 
ceased beating about 20 minutes after the cessation of respiration. 


TABLE 1 

Toxicity of DAS and N ,N-Dimethyl-p-phenylcnediaminc given inlrapcritoneally to 

mammal& 


1 

SPEOES 

DAS 

N.N-DISETItVt-p- 

PIIENYLENEDIAMINE 

No. of animals 
used 

LD» 

No. of animals 
usod 

LVu 

Rats 

74 

msm./tsm. 

15 

47 , 

mem./tem, 

21 

Mice 

70 

70 

89 

25 

Guinea pigs 

36 

30 

32 

45 

Rabbits 

12 

10-20 

S 

100 

Dogs 

5 

^10 

4 

10-20 


The symptoms which followed acute poisoning by N ,N-dimethyl-p-phenylene- 
diamine differed markedly from those produced bj'^ DAS. Within 10 to 30 min- 
utes after the intraperitoneal administration of the compound animals developed 
tonic and clonic conmlsions. Preceding the commlsions there existed a state 
of hyperexcitabilit}' which was soon followed by a series of convulsive seizures 
which terminated with death in about one hour after admhiistration of the com- 
pound. 

Pathological fi 72 dings in rats after acute poisoning by DAS. As early as 15 
to 30 minutes after the intraperitoneal administration of lethal doses of DAS 
to rats the yellow color of the compound was seen in the skin of the animals 
and was especially visible in the ears. The color was also observed in the urine 
as soon as 5 to 10 minutes after poisoning. 

The gross pathological findings in rats acutely poisoned by DAS were not 
pronounced. Ordinarily the liver showed evidence of hj'peremia of varying 
degrees of severity and pulmonary congestion was occasionally observed but 
pleural effusion was rarely noted. The kidneys of animals surviving for more 
than two da 3 's before succumbing to the poison were pale and swollen. 
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Microscopically the main pathological finding in rats 5 hours after the ad- 
ministration of 30 mgm./kgm. of BAS was a degeneration of the kidney tubules. 
Acute passive hj'percmia of the liver was another consistent finding and oc- 
casionally a mild hyperemia could be detected in the mucosa of the gastro- 
intestinal tract. 

Acceptability of DAS to rats. To ascertain whether BAS was acceptable 
when offered to rats in the diet, feeding experiments were conducted. Biets 
containing 0.25 per cent, 0.5 per cent, and 1.0 per cent BAS were prepared by 
mixing the rodenticide ^dth finely ground Purina Laboratory Chow. The diets 
were offered to unstarved rats overnight in place of their ordinary Purina Chow 
diet. For the five animals receiving 1 per cent BAS the average food consump- 
tion during the 12-hour period was 1.7 grams of food/kgm. and 4 of the 5 animals 
succumbed. When 0.5 per cent BAS was offered to 5 rats overnight the average 
food consumption was 4.9 grams/200-gram rat and all of the five animals died, 
and when 0.25 per cent BAS was offered the average food consumption was 4.9 
grams/200-gram rat and three of the five animals died. These experiments 
indicated that BAS was effective and acceptable to rats when placed in the 
diet. 

Because of the chemical similarity between BAS and the carcinogenic azo 
dyes, rats were fed ground Purina Laboratorj' Chow containing 0.10 per cent BAS 
to observe whether hepatomas would result. In animals which survived the 
feeding period hepatomas resembling tliose produced by dimethylaminoazo- 
bonzene appeared in approximately 12 months after the animals were placed 
on the diet. It is possible that the carcinogenic action might have become 
evident in a shorter period if synthetic diets optimum for carcinogenesis by azo 
dyes had been used. 

To observe whether rats develop tolerance toward BAS after the admini- 
stration of sublethal doses of the rodenticide five rats were given 10 mgm./ 
kgm. of BAS intraperitoneally followed by a second injection of 20 mgm./kgm. 
three days later. All of the animals were dead within five hours after the 
second injection. Since the LBeo of BAS to rats is around 15 mgm./kgm. the 
inability of the animals to withstand a second dose of 20 mgm./kgm. indicated 
that little tolerance could have resulted from the first dose of the rodenticide. 

The effects of DAS on blood glucose. In order to observe whether BAS in- 
terfered with carbohydrate metabolism blood glucose measurements were made 
on rats acutely poisoned by the rodenticide. The terminal convulsions pro- 
duced by lethal doses of BAS suggested the possibility of a disturbance in 
carbohydrate metabolism. Blood glucose measurements were made before and 
at various intervals after the administration of the rodenticide. Rats, mice, 
guinea pigs and rabbits w'ere employed to ascertain whether any species dif- 
ference in the effects of BAS on carbohydrate metabolism could be observed. 

The results of these measurements are shown in table 2 in which each value 
represents the average for at least four animals unless otherwise indicated by 
the number in parenthesis. It may be seen from these data that BAS caused 
hyperglycemia in all of the species studied with the degree of hyperglycemia 
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depending upon the dose of the drug and the species susceptibility to the toxic 
agent. Rats showed a relatively mild degree of h 5 ’-perglycemia after the ad- 
ministration of 15 mgm./kgm. of DAS (LDso) whereas tAvice the LDjo dose 
produced a marked hyperglycemia (172 mgm. per cent) within three hours after 
poisoning. Seven hours after poisoning the blood glucose fell to hypoglycemic 
levels and at the time of death it reached a very low level coinciding with the 
appearance of the terminal convulsions. The administration of 60 mgm./kgm. 
of DAS to rats caused a very rapid onset of hyperglycemia with a precipitious fall 
to hypoglycemic levels. Mice and guinea pigs showed similar changes but re- 
quired a higher dose of the rodenticide to produce these changes, which corre- 
sponds to their greater resistance toward DAS. Rabbits, however, were quite 
resistant to the blood glucose changes produced by DAS and required approxi- 

TABLE 2 


Effect of DAS on the blood glucose of rats, mice, guinea -pigs and rabbits 




BLOOD GLUCOSE, MCJI. PER CENT 

spzcaxs 1 

DOSE OP 

DAS 

Hours after poisoning 

j 


Normal 

I 

3 

s 

7 

10 

At death 


mem./ 

kern. 

1 


Mi 


B 



Rats 

15 

104 

113 

ISH 

102 





30 1 

04 

131 


SO 

M|M 


25 


60 ' 

99 

205 


45 (1) 

■b 



Mice 

■1 

117 

1 

B 

99 





■1 

114 


■1 




12 

Guinea pigs 

30 

95 

if 

100 

104 





60 

107 

132 

225 

199 


110 


Rabbits 


90 (2) 

91 (2) 

97 (2) 

97 (2) 


86 (1) 



H 

S2 (1) 

227 (1) 

dead 






mately four times the LDm dose before hyperglycemia developed. Thus, DAS 
produced h^'^perglycemia in rats, rabbits, mice and rats with the extent and 
time of onset being dependent upon the dose of the drug and the species suscep- 
tibility to the rodenticide. 

We were interested in comparing the effects of N,N-dimethyl-p-phenylene- 
diamine on blood glucose with those produced by DAS. For these tests rats were 
poisoned with 25 mgm./kgm. of the diamine and blood samples were taken before 
the administration of the poison, at the onset of convulsions, and immediately 
preceding death. The average normal blood glucose level was found to be 89 
mgm. per cent. At the beginning of convulsions, in from 5 to 12 minutes after 
poisoning, the average value was 100 mgm. per cent and just preceding death, 
in from 35 to 44 minutes after poisoning, it had risen to 125 mgm. per cent. 
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These results demonstrated that the diamine produced a slight increase in blood 
sugar but much less than that observed in DAS-poisoned animals. 

Glycogen content of tissues from DAS-poisoncd animals. The terminal hypogly- 
cemia which was observed in DAS-poisoned animals suggested that the glycogen 
stores might be depleted. This was tested by measuring the liver glycogen of 
normal and DAS-poisoned animals which had been fasted for comparable periods 
of time. The results of glycogen measurements on rats, mice, and guinea pigs 
poisoned by DAS are shown in table 3 in which each value represents the average 
amount of glycogen for at least four animals. 

These data show that acute poisoning by DAS results in a marked decrease in 
liver glycogen in the three species employed and that the degree of depletion 
depended upon the dose of the drug administered to a given species. There 
was also a correlation between the species susceptibility to DAS and the dose 
required to cause a fall in liver glycogen as evidenced by the observation that 
30 mgm./kgm. of DAS nearly depleted the liver glycogen of rats while the same 

TABLE 3 


The effect of DAS on liver glycogen of rats, mice and guinea pigs 


SFEOES 

DAS 


TZ* CEKT CtYCOOEK 


i 

Normal 

5 Hours after poisoDing 

Eats 

ngm /iftn. 

15 

5 

4.56 

3.12 


30 

5 

2.14 

0.114 

Mice 

30 

5 

0.79 

0.74 


80 

5 

0.36 

0.034 

Guinea pigs 

30 

20 1 

0.296 ' 

0.143 


60 

20 1 

0.206 ; 

0.132 


dose had no significant effect on the liver glycogen of mice. Muscle glycogen 
of rats also decreased after DAS; a dose of 30 mgm./kgm. of DAS reduced the 
skeletal muscle glycogen of rats to one-half of the normal value. These studies 
on glycogen are in accord with the observations made on the blood glucose in 
which the response depended upon the dose of DAS and the species susceptibility 
to the rodenticide. They also give support to the possibility that the hypogly- 
cemia is a result of the depletion of liver glycogen. 

Antagonistic action of insulin and adrenal-demeduUation toward the hyper- 
glycemic action of DAS. To ascertain whether epinephrine w'as involved in 
the hyperglycemia and the depletion of liver glycogen by DAS, blood glucose 
and liver glycogen measurements were made on rats from which the adrenal 
medulla had been removed eleven days prior to use for the experiment. Similar 
measurements were also made on DAS-poisoned and normal rats treated with 
insulin. Two units of insulin/kgm. were injected subcutaneously one hour 
before the administration of DAS and a second injection was given three hours 
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rat/hour. These values indicate an increase in glucose and/or reducing sub- 
stances in the urine after DAS poisoning but do not seem great enough to sub- 
stantiate a marked decrease in tubular reabsorption of glucose during the sam- 
pling period. 

Discussion. The present investigation has included a number of experi- 
ments designed to obtain information which would permit an evaluation of the 
rodenticidal action of p-dimethylaminobenzenediazo sodium sulfonate (DAS). 
Toxicity tests have shoivn that the LDm for DAS given intraperitoneally lies 
between 10 and 30 mgm./kgm. for albino rats, guinea pigs, rabbits and dogs. 
Thus, there was a relatively small variation in the susceptibility of these species 
to the rodenticide. On the other hand, mice were found to be considerably 
more resistant toward the compound. The oral LDm for albino rats was about 
55 mgm./kgm. and it is, therefore, several times less toxic than sodium fluoroace- 
tate (7) and alpha-naphthylthiourea (8). A marked difference in species suscep- 
tibility to DAS and N,N-dimethyl-p-phenylenediamine was observed which 
suggests that the compounds act differently and that the toxic action of DAS is 
not due to a diamine degradation product formed by cleavage at the azo linkage. 

No significant age or sex difference in the susceptibility of rats to DAS was 
noted and the administration of a sublethal dose did not result in the acquisition 
of tolerance. The compound was acceptable to rats when offered at a concentra- 
tion of 1 per cent or less in the diet. The main disadvantages attending the 
use of DAS as a rodenticide are its lower toxicity as compared with other new 
rodenticides and the absence of an effective antidote. Nevertheless, the sub- 
stance may find practical use where the extremely high toxicity of fluoroacetate 
to many species (7) or the tolerance toward ANTU (8) limit the usefulness of 
these substances. 

Because of the carcinogenic action of DAS the compound may be of value 
in future studies on the mechanism of carcinogenesis by azo dyes. Although 
it is a less potent carcinogen than several other azo dyes it presents an advantage 
in that it differs from the other carcinogenic azo dyes in being readily soluble 
in water and thus can be employed conveniently for in vitro experiments. 

Studies on the blood glucose and tissue glycogen of DAS-poisoned animals 
have shown that this rodenticide produces a marked disturbance in carbohydrate 
metabolism. The hyperglycemia appeared to be induced by epinephrine since 
it could be prevented by adrenal-demeduUation and insulin but these treatments 
did not affect the survival of DAS-poisoned animals. The terminal convulsions 
were due to hypoglycemia since they could be prevented or stopped by the 
administration of glucose. The hypoglycemia was undoubtedly the result of 
the depletion of tissue glycogen in animals poisoned by DAS, and the glycogen 
depletion seemed to be due principally to an inability of the tissues of DAS- 
poisoned rats to deposit glycogen. These results strongly suggest that DAS 
inhibits one or more of the enzymatic reactions involved in intermediary car- 
bohydrate metabolism and future studies on the effects of DAS on enzyme 
sj'stems may provide an explanation for the acute toxic action of the rodenticide. 
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SUaiMARY 

1 . Measurement of the toxicity of p-dimethylominobenzenediazo sodium sulfo- 
nate (DAS) administered intraperitoneally gave the following approximate 
LDm values in mgm./kgm.: albino rats 15; albino mice 70, guinea pigs 30, 
rabbits 10-20, and dogs 5-10. The oral LDm for albino rats was about 55 
mgm./kgm. 

2. No tolerance to DAS was observed in rats and the rodenticide was accept- 
able and produced high mortality of rats when placed in the diet at concentra- 
tions of 0.5 per cent and 1.0 per cent. 

3. Toxicity measurements on N,N-dimethyl-p-phenylenediamine given in- 
traperitoneally gave the following LD^o values in mgm./kgm.: albino rats 21, 
mice 25, guinea pigs 45, rabbits 100, and dogs 10-20. The differences in species 
susceptibility to this compound and DAS suggest that the latter substance 
does not undergo cleavage at the azo linkage before exerting its toxic effect. 

4. DAS caused a generalized depression in all species, degeneration of the 
kidney tubules, hyperemia of the intestine and liver, a fall in blood pressure 
and respiratory paralysis. 

5. Hyperglycemia followed by hypoglycemia occurred in animals poisoned by 
DAS. The extent of these changes was dependent upon the dose of DAS and 
the species susceptibility to the agent. The hyperglycemia could be prevented 
by insulin or by adrenal-demeduUation but survival of the animals was not 
influenced by these treatments. The hM^oglycemic convulsions could be ter- 
minated or prevented by glucose which prolonged the survival time but did not 
prevent ultimate death of the animals. 

0. A depletion of liver and muscle glycogen of rats was observed after ad- 
ministration of DAS and the animals were unable to deposit liver glycogen 
from injected glucose; this indicated that DAS exerts an inhibitory action on 
glycogen synthesis. 
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Evidence that acute poisoning by p-dimethylaminobenzenediazo sodium sul- 
fonate (DAS) results in a disturbance of carbohydrate metabolism was ob- 
tained during an investigation of the toxicity and pharmacological action of 
this German rodenticide. This evidence, which is presented in the preceding 
communication, consisted of the observation that hyperglycemia followed by 
hypoglycemia and depletion of liver glycogen occurred after acute poisoning 
by DAS. The inability of fasted DAS-poisoned rats to deposit liver glycogen 
from injected glucose indicated that the toxic agent exerted an inhibitory ac- 
tion on glycogen synthesis. These findings stimulated our interest in inves- 
tigating the action of DAS on the enzymatic reactions involved in intermediary 
carbohydrate metabolism in an effort to elucidate the mechanism of the acute 
toxic action of this azo compound in mammals. 

The present communication contains the results of tests on the effect of 
DAS on several enzymatic reactions. In this study attempts were made to 
correlate in viiro findings with in vivo results in which the enzymatic reactions 
of tissues from DAS-poisoned animals were studied. Such attempted correla- 
tions are of considerable importance in explaining drug action on the basis of 
inhibition of enzymatic reactions. The results obtained in this study have 
demonstrated that DAS inhibits the oxygen consumption of liver slices and 
exerts a potent inhibitory action on the aerobic synthesis of high-energy phos- 
phate compounds in vitro and in vivo. The inhibitory action of DAS on aerobic 
phosphorylation was dependent upon the dose of the rodenticide and upon the 
species susceptibility to the toxic compound. 

Methods. Sprague-Dawley rats (ca. 200 grains), Carworth mice (ca. 20 grams) and 
adult guinea pigs (ca. 600 grams) were employed for these studies. DAS was synthesized 
according to the procedure of Stoll6 (1) and aqueous solutions of the compound were ad- 
ministered by the intraperitoneal route. 

Anaerobic glycolysis of brain tissue was measured according to the method of Elliott 
and Henry (2) and the oxidation of glucose by brain homogenates was measured by the pro- 
cedure of Elliott ct al. (3). The oxidation of several substrates by liver slices was measured 
using rat liver slices prepared according to the method of Deutsch (4). The liver slices 
were obtained from normal rats fasted for 16 hours prior to being sacrificed. Succinic de- 

1 The work described in this paper was done under contract between the Medical Di- 
vision, Chemical Corps, U. S. Army and the University of Chicago Toxicitj' Laboratory. 
Under the terms of the contract the Chemical Corps neither restricts nor is responsible for 
the opinions or conclusions of the authors. 
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hydrogonase and cytochrome oxidase activities were determined by the method of Schneider 
and Potter (5), malic dehydrogenase by the method of Potter (6) and adenosine triphos- 
phatase by the procedure of DuBois and Potter (7). 

The extraction, fractionation and measurement of the acid-solubic phosphorus com- 
pounds of rat tissues were carried out according to the procedure outlined by LePage and 
Umbreit (8). For these measurements the tissues were rapidly removed during sodium 
pentobarbital anesthesia (45 mgm./kgm.)> and quiekly frozen between two bloclzs of dry 
ice. 

The effect of DAS on oxidative phosphorylation was ascertained bj' the method of Potter 
(9) using 0.3 cc. of a 10 per cent isotonic potassium chloride homogenate as the source of the 
enzymes, 26 ragm. of anhydrous creatine as the phosphate acceptor and succinate ns the 
oxidizable substrate. 

Experimental. The action of DAS on the svccinoxidasc systetn. The pos- 
sibility that DAS might be metabolized in eivo to yield p-phenylenediamine 
or a methyl derivative of p-phenylencdiaminc, which compounds are knoBTi to be 
strong inhibitors of succinic dehydrogenase (10), stimulated our interest in 
investigating the effect of DAS on succinic dcb 5 ’’drogenase. In vitro and in 
vivo measurements of succinic dehydrogenase activity were, therefore, carried 
out on rat liver, kidney, lung and brain tissues. Various concentrations of 
DAS were tested by adding all of the components of the reaction mixture to- 
gether with the inhibitor to the main compartment of the AVarburg vessel and 
incubating for 20 minutes before the addition of the succinate from the side 
arm. 

The effect of DAS on the succino.xidase activity of rat liver is shown in figure 
1 from which it may be seen that DAS had an inhibitory action on this enz 3 rme 
system in vitro but in all cases there was a lag period of about 20 minutes after 
the addition of the succinate before the inhibitory action of D.rVS became ap- 
parent. Tius was interpreted as indicating that some chemical change in the 
toxic agent took place to yield a product which inhibited the enzymie. It was 
noticed that the inhibition occurred after most of the yellow color due to DAS 
had disappeared from the reaction mixture wliich further suggested that a 
change in the DAS molecule occurred. As sho^vn by Curves B and C of figure 
1 final concentrations of 6.6 X and 1 X DAS respectivelyproduced 

marked inhibition of enzyme activity when the inhibitor was incubated wth 
the enzyme for 20 minutes before the addition of the substrate. Placing the 
inhibitor in the side-arm of the Warburg vessel wth the succinate and adding 
both simultaneously decreased the amount of inhibition (Curve D, figure 1) 
as compared with the addition of the substrate after the inhibitor. Tiiis in- 
dicated a competition between succinate and the rodenticide for the enzyme. 
In contrast to the in vitro results no decrease in the siiccinoxidase activity of 
liver was observed when the livers were removed 5 hours after the administration 
of 30 mgm./kgm. of DAS. 

DAS also produced an inhibition of the succinic dehydrogenase activity of 
kidney tissue in vitro after a preliminary lag period similar to that observed with 
liver. A final concentration of 1 X 10~^ M DAS produced 2 per cent inhibition 
at 30 minutes, 24 per cent inhibition at 70 minutes and 67 per cent inhibition at 
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110 minutes after the addition of the succinate. As in the case of liver, how- 
ever, no significant inhibition of the succinoxidase activity of kidney was ob- 
served 5 hours after the administration of 30 mgm./ligm. of DAS. A final 
concentration of 1 X 10~^ M DAS produced no significant inhibition of the 
succinic dehydrogenase activity of brain and lung tissue m vitro nor was there 
any decrease in the activity of the enzyme in these tissues 5 hours after the 
administration of 30 mgm./kgm. of DAS. From these experiments it appeared 
that liver and kidney tissues are able to produce some change in DAS which 
results in the production of a succinic dehydrogenase inhibitor. In view of the 
mhibitory action of several phenylenediamines on succinic dehydrogenase which 
was observed by Potter and DuBois (10) it seems possible that the inhibitory 



Fig. 1. The Effect op DAS on the Succinic Dehtdrogenase Activity of Rat Liver 
Curve A, normal control; Curve B, 6.6 X 10"‘ M DAS added to the enzyme 20 minutes 
before the addition of the succinate; Curve C, 1 X 10"‘ M DAS added to the enzyme 20 
minutes before the addition of the succinate; Curve D, 1 X 10"^ M DAS added to the en- 
zyme together with the succinate. 

action of DAS on this enzyme system was due to cleavage of DAS at the azo 
linicage to form a toxic diamine. The lack of an inhibitory action of DAS 
on succinic dehydrogenase activity in vivo suggested that some other enzyme 
was more sensitive toward the inhibitor or that the enz 5 Tne-inhibitor complex 
was dissociated during homogenization and dilution of the tissue. 

Because of the possibility that N,N-dimethyl-p-phenylenediamine might 
occur as a breakdoum product of DAS the effect of this compound on the succinic 
dehydrogenase actirdty of rat liver was tested. Four rats were given 25 mgm./ 
kgm. of the diamine intraperitoneally and sacrificed during convulsions which 
occurred one-half to three-fourths of an hour after poisoning. Whereas the 
QO: for the succinic dehydrogenase actmty of normal livers was 82 that for 
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the livers of poisoned animals was 79. This compound had previously been 
shouTi (10) to produce 77 per cent inhibition of succinic dehydrogenase at a final 
concentration of 1 X 10"® M in vitro. DAS and N,N-dimcthyl-p-phenylene- 
diamine therefore act similarly on succinic dehydrogenase inhibiting the action 
of the enzyme in vitro but not in vivo. 

Since the succinoxidase system (5) employed for these experiments requires 
the catalytic action of succinic dehydrogenase, cytochrome c, and cytochrome 
oxidase it was necessary to investigate the action of the toxic substance on the 
latter two catalysts before attributing its inhibitory effect solely to an interaction 
with succinic dehydrogenase. It was found that a final concentration of 2 X 
IQ-*M DAS had no effect on cytochrome oxidase activity of rat liver while the 
same concentration had produced complete inhibition of the succinoxidase 
system. Variation in the cytochrome c content of the succinoxidase system 
did not alter the per cent inhibition by DAS; therefore, DAS was not reacting 
with this component of the system and its inhibitory effect could be attributed 
to an action on succinic dehydrogenase. 

The absence of an inhibitory effect by DAS oji the malic dehydrogenase system. 
To test the effect of DAS on a coenzyme I-linked dehydrogenase the malic 
dehydrogenase system was employed. Whereas the normal QOs value for malic 
dehydrogenase of liver was 54 the addition of DAS at final molar concentrations 
of 1 X 10~® and 1 X 10“* resulted in QOj values of 48 and 53, respectively. 
DAS, therefore, produced no significant inhibition of malic dehydrogenase in 
vitro. 

Using the malic dehydrogenase test system with fumarate in place of malate 
as the substrate it was possible to obtain an indication of whether DAS inhibits 
fumarase activity. The use of fumarate in place of malate ns the substrate 
requires the catalytic action of fumarase to convert fumarate to malate which 
is then oxidized by the malic dehydrogenase system. The absence of an inhibi- 
tory effect by DAS at 1 X 10"® M final concentration indicated that the roden- 
ticide did not inhibit the activity of fumarase. 

The influence of DAS on anaerobic glycolysis and the oxidation of glucose by brain 
and liver. In initiating studies on the effect of DAS on glycolysis and respiration 
isotonic brain homogenates and liver slices were employed. An inhibitory ac- 
tion by DAS on the overall processes of either glycolysis or respiration could 
then be followed by an examination of the action of the toxic compound on 
individual enzymatic reactions in an attempt to locate the specific site of action. 

DAS exerted no effect on the rate of anaerobic glycolysis of rat brain homo- 
genates and liver slices. In the case of brain the normal CO 2 /N 2 was 8.2 and 
in the presence of final concentrations of 1 X M and 1 X DAS the 

values were 8.0 and 7.5, respectively. Similarly, DAS had no effect on the rate 
of anaerobic glycolysis of liver slices. Whereas the normal QCO 2 /N 2 value 
was 0.3 for rat liver slices the presence of a final concentration of 1 X 10~* M 
DAS resulted in a value of 6.1. These experiments indicated that DAS in the 
concentrations employed had no significant effect on anaerobic glycolysis which 
seemed to eliminate inhibition of glycolytic enzymes from further consideration 
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in the search for the cause of the disturbance in carbohydrate metabolism pro- 
duced by DAS. 

The oxidation of glucose by rat brain homogenates was inhibited in vitro 
by DAS. Final concentrations of I X 10~® ilf , I X 10~^ ilf and 1 X 10~® M 
DAS produced 89, 63 and 40 per cent inhibition, respectively, of the oxidation 
of glucose. However, no depression of the rate of oxidation of glucose by 
brain tissue of rats given 30 mgm./kgm. of DAS could be detected when the 
animals were sacrificed 5 hours after administration of the compound. 

DAS also inhibited the oxygen consumption of liver slices suspended in 
Krebs-Ringer phosphate solution (11) buffered at pH 7.4 and containing 0.02 
M glucose. The presence of a final concentration of 1 X lO"* M DAS depressed 
the QO 2 from a normal value of 7.0 to 3.8. An inhibitory action by DAS on the 
cellular respiration of liver slices in vivo also occurred. Livers removed from 
rats 5 hours after the administration of 30 mgm./kgm. of DAS gave an average 
QO 2 value 5.6 representing a 21 per cent decrease in oxygen consumption. The 
inhibitory action of DAS on cellular respiration suggested that further experi- 
ments should be directed toward studying the action of the rodenticide on the 
various steps of the oxidative phase of carbohydrate metabolism. 

TJie inhibitory action of DAS on the oxidation of 'pyruvate and citrate by rat liver 
slices. The lack of an inhibitory action by DAS on the oxidation of succinate, 
malate and fumarate indicated that the depressant action of the toxic compound 
occurred at some other step in the oxidative phase of carbohydrate metabolism. 
The effect of DAS on the respiration of liver slices was therefore tested employing 
several of the intermediates of the Erebs citric acid cycle as substrates. The 
substrates employed for these experiments were fumarate, malate, succinate, 
citrate, pyruvate and oxalacetate. L-glutamate was also included in these 
studies. 

The substrates were prepared as 0.3 M solutions with the exception of oxalace- 
tate which was prepared as a 0.15 3f solution. Two-tenths cc. of the substrate 
was added to enough Krebs-Ringer phosphate medium to give a final volume 
of 3.0 cc. in the Warburg vessel. Where DAS was tested in vitro 0.3 cc. of a 
solution (1 X 10~’ M) replaced an equivalent amount of Krebs-Ringer phos- 
phate giving a final inhibitor concentration of 1 X 10"^ M. 

For testing the effect of DAS on the oxidation of various substrates by liver 
slices one sample was included without the addition of a substrate to measure 
the endogenous respiration and another sample with an added substrate but 
without DAS was included to measure the stimulation of respiration due to 
the substrate. A third sample contained DAS and no added substrate to 
measure the effect of the compound on the endogenous respiration and another 
sample contained DAS and an added substrate to note the effect of DAS on the 
oxidation of the particular substrate tested. The results of these tests are shown 
in table 1 in which each value is the average of at least 3 determinations. 

As may be seen from the data in table 1 the stimulation of the respiration of 
liver slices produced by malate, succinate and oxalacetate was unaffected by the 
addition of DAS. However, the additional oxygen consumption due to fumar- 
ate, pyruvate and citrate was decreased by the presence of 1 X 10~^ M DAS. 
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To ascertain whether the inhibition of the utilization of these oxidative sub- 
strates also occurred in DAS-poisoned animals in vivo tests were performed on 
the livers of rats poisoned 5 hours previously with 30 mgm./kgm. of DAS, 

TABLE 1 


Effect of DAS in vitro and in vivo on the oxidation of several substrates by rat liver 
slices 


SUBSTKATE 

<30. 

Control 

! 1 X Jtr* 1/ DAS 

In vivo 5 hours after 
' 30 mgm./kem. DAS 

Fumarate 

9.3 

4.9 

8.1 

No fumarate 

7.0 

4.2 

5.7 

Stimulation 

2.3 

0.7 

2.4 

Malate 

S.O 

4.9 

7.3 

No malate 

7.0 

3.9 

5.6 

Stimulation 

1.0 

1.0 1 

1 

1.7 

Succinate 

15.9 


14.8 

No succinate 

7.1 


5.7 

Stimulation 

8.8 


0.1 

Citrate 

10.5 

4.0 

7.8 

No citrate 


3.3 i 

5.4 

Stimulation 

SB 

0.7 i 

2.4 

Pyruvate 


5.1 

7.3 

No pyruvate 

0.8 

3.8 

5.6 

Stimulation 

3.3 

1.3 

1.7 

1 

O-xalacetate 

9.2 

6.7 


No oxalacetate 

6.9 

4.2 


Stimulation 


2.5 


1-Glutamate 

8.4 


7.7 

No 1 -glutamate 

6,7 


5.5 

Stimulation 

1.7 


2.2 


The results of these tests are also shown in table 1 where it may be seen that 
the stimulation of respiration by malate, succinate, glutamate and furaarate 
was not decreased when the livers of poisoned rats were used in place of the 
livers of normal animals. The additional oxygen consumption due to pyruvate 
and citrate, however, was depressed in the liver samples from poisoned animals. 
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These findings are in agreement with results obtained on the isolated succin- 
oxidase and malic dehydrogenase systems in which DAS did not exert an inhibi- 
tory action in vivo. The present experiments indicate that the inhibitory 
action of DAS on the oxidative phase of carbohydrate metabolism might be 
explained on the basis of inhibition of the oxidation of citrate and pyruvate. 

The influence of DAS on the concentration of acid-soluble phosphorus compounds 
of rat liver and kidney. Although DAS had no direct inhibitory action on gly- 
colysis the depression of the cellular respiration by the compound might lead to 
changes in the concentration of some of the phosphorylated intermediates of 
glycolysis. The dependence of the synthesis of high-energy phosphate bonds 
upon oxidative reactions made the possibility of depletion of such compounds by 
DAS seem probable. The concentrations of acid-soluble phosphorus compounds 

TABLE 2 


The distribution of acid-soluble phosphorus compounds in the liver and kidney of 
normal and DAS-poisoned rats 


coitpoum> 

1 

XIVER 

1 

KIDNEY 

1 

Nonnal ! 

S hours after 30' 
mgm./kgm. DAS 

Normal 

S hours after 30 
mgm./kgm. DAS 


1 

(Micromoles per 100 

grams of wet tissue) 

Phosphocreatine 

406 

0 

22 

0 

Adenosine triphosphate 

74 

96 

0 

0 

Adenosine diphosphate 

245 

207 

0 

0 

Adenylic acid 

83 

88 

143 

130 

Glucose-l -phosphate 

136 

85 

163 

131 

Glucose-6-phosphate 

554 

675 

454 

575 

Fruotose-6-phosphate 

19 

20 

25 

25 

Fruotose-l ,6-diphosphate 

67 

20 

30 

24 

Triose phosphate 

18 

30 

0 

0 

Phosphopyruvate 

15 

37 

54 

73 

Coenzymes 

9 

9 

18 

17 

Inorganic phosphorus 

235 

806 

872 

885 

Total phosphorus 

2670 

2840 

3025 

2425 


in rat tissues were, therefore, measured after the administration of 30 mgm./kgm. 
of DAS given intraperitoneally. The liver was chosen for these studies because 
DAS had been shown to produce biochemical changes in this organ as evidenced 
by depletion of liver glycogen and inhibition of cellular respiration. IQdney 
tissue was also included in these measurements because of the evidence that a 
degeneration of the kidney tubules occurs in rats poisoned by DAS. Four 
normal unfasted male rats and 4 rats sacrificed 5 hours after poisoning were 
employed for the measurements. 

The results of these determinations are summarized in table 2 in which each 
value is the average for 4 rats. The data indicate that DAS produces changes 
in the distribution of the acid-soluble compounds of both liver and Iddney of 
rats. The most pronounced change was a depletion of phosphocreatine of both 
liver and kidney tissue. The decrease in phosphocreatine partly accounts for 
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the increase in inorganic phosphorus in the tissues of poisoned animals. There 
was also a slight decrease in glucosc-l-phosphate and a small increase in glucose- 
6-phosphate as well as small increases in phosphopyruvate and triose phosphate. 

In order to ascertain whether the phosphocreatine of tissues other than liver 
and kidney was depleted in DAS-poisoned animals measurements were made 
on heart and skeletal muscle of rats taken 5 hours after the intraperitoneal 
administration of 30 mgm./kgm. of DAS. It was found that DAS had no effect 
on the phosphocreatine level of these tissues in contrast to the effects on liver 
and kidney phosphocreatine. 

The inhibitory effect of DAS on oxidative phosphorylalion by rat, mouse and 
<7u{7ico pig homogenates. The depletion of phosphocreatine in liver and kidney 
tissue from DAS-poisoned rats suggested the possibility that the toxic agent 
inhibited the esterification of phosphate. Attention was dra^vn to this possi- 


TABLE 3 

The effect of DAS on oxidative phosphorylation by rat, mouse and guinea pig kidney 
homogenates in vitro 


SFtOES 

KOtAB COKCCNTBATtOX Of 

DAS 

E (inatocBAMS or p 
ESTEK lPtZO rZB 30 
MC«. WETTISSOl) 

cxm. 0> COKSVUES 
FEB )OUDf0T£S 

% JNlUBmOW 

Rats 

Control 

136 

39 

_ 


1 X 10-* 

53 

36 

01 


1 X I0-‘ 

75 

41 

45 


5 X l0-« 

83 

39 

39 


1 X lo-' 

137 

58 

0 

Mice 

Control 

115 

36 

— 


1 X \Q-* 

30 

36 

74 

Guinea pigs 

Control 

148 

34 

— 


1 X 10-* 

104 

40 

30 


1 X io-» 

144 

44 

2 


bility not only by the depletion of phosphocreatine but also by the inhibitory 
action of DAS on cellular respiration. The recent development of a method by 
Potter (9) for measuring coupled oxidation and phosphorylation has made it 
possible to obtain quantitative measurements of the effect of drugs in vitro and 
in vivo on this important synthetic reaction. It was thus possible to ascertain 
the effect of DAS on phosphocreatine synthesis. 

For our measurements 0.3 cc. of a 10 per cent kidney homogenate prepared in 
isotonic KCl was employed as the source of the enzymes, succinate as the oxidiz- 
able substrate and creatine as the phosphate acceptor, hi vitro measurements 
were carried out on kidney tissue of normal animals employing various concen- 
trations of DAS and in vivo measurements were performed on kidney tissue taken 
from poisoned animals. The effects of various concentrations of DAS, on aerobic 
phosphorylation in vitro are shown in table 3 in which E represents the micro- 
grams of inorganic phosphate esterified by 30 mgm. of wet tissue in 20 minutes 
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and O 2 represents the cmm. of oxygen consumed by the tissue during the same 
period of time (9). 

The results of these tests demonstrated that DAS is a strong inhibitor of 
aerobic phosphor 3 dation in vitro. At the low concentration of 5 X 10~® M 
39 per cent inhibition of transphosphorylation by rat kidney homogenates was 
observed M'ithout a significant efiFect on ox 5 ’^gen consumption. This indicated 
that the transphorylating enzyme was inhibited rather than the oxidation of 
succinate; thus the rodenticide essentially uncoupled phosphorylation and oxida- 
tion. The reaction was also inhibited when guinea pig and mouse kidneys were 
used as the source of the enzyme. However, in spite of the marked difference in 
the susceptibilit}'- of rats, mice and guinea pigs toward the acute toxic action of 

TABLE 4 


The effect of DAS on oxidative -phosphorylation by rat, mouse and guinea pig kidney 

tissue in vivo 


! 

spcaEs 1 

1 

DOSE OF OAS 1 

BOtTKS AFTER AD- 

inmsTRATioK DAS 

E (micrograiis of 
P ESTERIFIED PER 
30 UCM. ^VET 
TISSUE) 

jcmi, 0* COSSUIXED 
PER 10 MIKS. 

% imaBimu 

i 

Rats 

mgm./tgm. j 

normal 



! 

39 



15 

5 


37 

76 


30 

j 1 


39 

48 

I 

30 

1 5 

1 1 

34 

100 

1 

Mice 




36 

— 



5 


40 

0 


■■i 

5 


43 

85 

Guinea pigs ■ 

normal 

— 

148 

34 

1 


30 

5 

102 

31 

31 


00 

! 5 

SO 

32 

46 


DAS there was no marked difference in the amount of DAS necessary to inhibit 
phosphorjdation bj' the kidney tissue from the three species in vitro. 

To ascertain the effect of DAS on aerobic phosphorylation in vivo rats, mice 
and guinea pigs were given various doses of the compound and the kidneys 
were removed 5 hours later for aerobic phosphorylation measurements. The re- 
sults of these tests are shown in table 4 in which each value is the average for 
at least 4 animals. It may be seen from these data that DAS exerted a marked 
inhibitory action on phosphocreatine synthesis in vivo with the extent of inhibi- 
tion being dependent upon the dose of the compound administered. Further- 
more, there was a correlation between the species susceptibility to DAS and the 
dose required to inhibit the transphosphorylation system in vivo. The LDm 
values for rats, guinea pigs and mice are 15, 30, 70 mgm./kgm. of DAS, respec- 
tivelj'. While 30 mgm./ligm. of DAS produced complete inhibition of aerobic 
phosphorydation bj' kidney tissue of rats, no inhibition of the reaction in the 
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kidneys of mice and only 31 per cent inhibition occurred in guinea pig kidneys 
after this dose of DAS. 

In all of the tests performed it was observed that the phosphorylation of 
creatine was inhibited without inhibition of the oxidation of succinate. This 
was not unexpected since experiments described above on succinic dehydrogenase 
demonstrated that the inhibition of this enzyme by DAS occurred only after 
a lag period of about 40 minutes from the time of addition of the inhibitor to the 
enzyme and since the phosphorjdation experiments were performed in 20 minutes 
inhibition of succinic dehydrogenase would not be manifested during this period. 
These experiments indicate that DAS produces its inhibitory effect on some 
enzyme or enzymes directly involved in the transphosphorylation process. 

It has recently been reported by Loomis and Lipmann (11) that dinitrophenol 
reversibly uncouples phosphorylation from oxidation. It was of interest to ob- 
serve whether the inhibitory action of DAS on oxidative phosphorylation was 
also reversible. For these experiments a 20 per cent kidney homogenate was 

TABLE 5 


The rcrcrsihility of ike inhibitory action of DAS on aerobic phosphorylation 


TBEATiCENT 

£ (tficsocsAus or P 
zmmtro m 60 ucu. 
WEI ussrz) 

OOI. 0} COMSirUEO lEK 
10 UJNS. 

Unwashed enzyme preparation 

102 

30 

1 X 10"^ Af DAS added 

-7 

48 



Washed enzyme preparation 

76 

48 


78 

47 


-18 

61 



prepared in isotonic potassium chloride and divided into 3 portions one of which 
served as the control and received no further treatment. To a 3 cc. portion 
of the homogenate DAS was added to give a final concentration of 1 X ICM M 
and the mixture was allowed to stand for 30 minutes after which time it was 
centrifuged at approximately 5000 rpm in a refrigerated centrifuge for 30 minutes. 
The supernatant liquid was then discarded and the precipitate was well mixed 
with 3 cc. of isotonic potassium chloride and again centrifuged. After 3 such 
washings the precipitate was taken up in 3 cc. of potassium chloride solution 
and emploj’ed for measurements of oxidative phosphorylation. Another portion 
of the kidney homogenate wthout the addition of DAS was carried through the 
same procedure and served as a control to indicate the amount of loss of the 
enzyme during the washing procedure. In no instance was the temperature of 
the homogenates allowed to exceed 5®C. The phosphorylative activities of the 
samples are shown in table 5 in which it may be seen that the inhibitory action 
of DAS was reversible under the conditions of this experiment. While the wash- 
ing procedure resulted in 2C per cent loss of phosphorylative activity of the 
homogenate the addition of DAS before washing the enzyme resulted in no 
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further loss of activity. This demonstrated that the inhibitor could be removed 
by washing the enzyme. That 1 X IQ-* M DAS would have resulted in com- 
plete inhibition of phosphorylation by this enz3Tne preparation if it were not 
removed by washing was adequately demonstrated by complete inhibition of the 
reaction after addition of DAS to the washed and the untreated kidney 
homogenate. 

Discussion. An investigation of the effects of p-dimethylaminobenzenediazo 
sodium sulfonate (DAS) on intermediary carbohydrate metabolism has sliowm 
that the compound has no direct inhibitory action on glycolysis but does exert 
an inhibitory effect on the oxidative phase of carbohydrate metabolism. In 
attempts to ascertain the exact site of action of DAS on the oxidation of carbo- 
hydrate several in vitro and in vivo tests were performed. DAS inhibited succinic 
dehydrogenase in vitro but the inhibition occurred only after a lag period during 
which time it appeared that the compound had undergone a chemical change. 
It is likely that cleavage at the azo linkage occurred to jdeld a diamine which 
then inhibited succinic dehydrogenase. The absence of an inhibitory effect by 
DAS on succinic dehydrogenase in vivo and on the oxidation of succinate by liver 
slices indicated that this enzyme was not involved in the acute toxic action of 
this azo compound. Similarly cytochrome oxidase, malic dehydrogenase and 
fumarase were eliminated from further consideration in the mechanism of the 
toxic action of DAS. The observation that the oxidation of p3Tnivate and citrate 
by liver slices was inhibited by DAS in vitro and in vivo indicated that DAS 
inliibits one or more of the biocatal3'sts involved in the formation of alpha-keto- 
glutarate from pyruvate. The action of DAS on the oxidation of carbohydrate 
can be explained, at least partially, on the basis of inhibition of this portion of 
the dicarboxylic acid cycle. This inhibitory effect may also be partially re- 
sponsible for the inhibition of glycogen synthesis by DAS. 

We attached considerable significance to the depletion of phosphocreatine in 
some of the tissues of DAS-poisoned rats. Phosphocreatine is generally assumed 
to constitute a store of energy-rich phosphate which together with adenosine 
triphosphate functions in the transfer of chemical energy into energy available 
for the performance of tissue functions. Since DAS had no direct effect on 
glycolysis we reasoned that the depletion of phosphocreatine might result from 
an inhibition of the aerobic phosphorylation of creatine by DAS. It was found 
that DAS had a potent inhibitory effect on the aerobic synthesis of phospho- 
creatine. This effect, however, was not due to inhibition of oxygen consumption 
but rather to a direct action on the transphosphorylating mechanism since no 
depression of oxygen consumption occurred in the test system employed for 
phosphorylation. Thus, DAS, like dinitrophenol ( 12 ) , uncoupled oxidation from 
phosphate esterification. 

In connection with the mechanism of acute poisoning by DAS greater sig- 
nificance is attached to the inhibition of phosphorylation than to any of the 
other effects produced by the compound on the enz3Tnes studied. DAS inhib- 
ited aerobic phosphorylation both in vivo and in vitro and there was a corre- 
lation between the species susceptibility to acute poisoning by DAS and the dose 
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of the compound necessary to inhibit aerobic phosphorylation in vivo. In vitro, 
however, the kidney tissue of rats, mice and guinea pigs were of similar suscep- 
tibility to the inhibitory action of DAS on aerobic phosphorylation. These 
differences between the in vitro and in vivo effects of DAS suggest that a differ- 
ence in the rate of detoxification in the various species is responsible for the 
variation in susceptibility to the toxic agent rather than variations in the con- 
centrations of sensitive enzj*raes. 

The strong inhibitory action of DAS on phosphate esterification in vivo and 
in vitro gives support to the possibility that some of the acute toxic effects of 
this compound may result from inhibition of this important biochemical reaction. 
In support, of such a possibility was the finding that the tissues which showed 
biochemical and pathological changes after DAS, namely the liver and kidney, 
are the same tissues in which DAS produced a depletion of phosphocreatine. 

SUMMARY 

1. In vitro studies demonstrated that dimethylaminobenzenediazo sodium 
sulfonate (DAS) inhibits the succinic dehydrogenase activity of rat liver and 
kidney after a preliminary incubation of the enzyme with the rodenticide. How- 
ever, no inhibition of the succinic dehydrogenase activity of the tissues of rats 
was obser\’ed at 5 hours after the administration of 30 mgm./kgm. of DAS. 
No inhibitoiy’ effect by DAS was observed on cytochrome oxidase, malic de- 
hydrogenase and fumarase. 

2. The oxidation of glucose by rat brain homogenates was inhibited in vitro 

by concentrations of DAS above 1 X however, no depression of glucose 

oxidation by brain tissue from DAS-poisoned rats was observed. The respi- 
ration of liver tissue was inhibited in vitro and in vivo by DAS. The toxic agent 
had no effect on the rate of anaerobic glycolysis by rat liver slices and brain 
homogenates. 

3. DAS had no effect on the oxidation of fumarate, succinate, malate and 
oxalacetate by liver slices taken from rats 5 hours after the administration of 30 
mgm./kgm. of the toxic compound. However, the stimulation of respiration of 
liver slices by pyruvate and citrate was depressed both in vitro and in vivo by 
DAS. 

4. The phosphocreatine of rat liver and kidney tissue was depleted within 5 
hours after the administration of 30 mgm./kgm. of DAS while the phospho- 
creatine of skeletal muscle and cardiac muscle was unaffected by this dose of the 
compound. Other changes in the distribution of acid-soluble phosphorus com- 
pounds in the liver and kidney of DAS-poisoned rats consisted of a slight de- 
crease in glucose-l-phosphate and a small increase in glucose-G-phosphate, phos- 
phopyruvate and triose phosphate. 

6. DAS exerted a marked inhibitory effect on the aerobic phosphorylation of 
creatine by rat, mouse and guinea pig kidney homogenates. Aerobic phos- 
phorylation was also inhibited in the tissues of animals given lethal doses of DAS. 
The inhibition in vivo vras dependent upon the dose of the compound administered 
and varied with the species susceptibility to DAS. 
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Sfoijn Suer 

1875-1948 

It is with profound sorrow that we record the death on April 30, 1948 of Dr. 
John Auer from a cardiac attack, at St. Mary’s Hospital, St. Louis, Missouri, 
which he had entered about a week previously for a ph 5 ”sical examination. Dr. 
Auer’s passing removes from the Society for Pharmacology and Experimental 
Therapeutics one of its active organizers and distinguished members who exerted 
a strong influence in the upbuilding of the Society and in the promotion and 
application of the science of American pharmacology. 

Dr. Auer was born in Rochester, New York, on March 30, 1875. His college 
preparation for his field was obtained at the Universities of Michigan and Johns 
Hopkins; he received his B.S. from the former in 1898 and his M.D. from the 
latter in 1902. After finishing his formal course in medicine, he served for a 
year as House Officer at the Johns Hopkins Hospital, following which he became 
a Fellow in the Rockefeller Institute for Medical Research, continuing there as 
Assistant, Associate, and Associate Member until 1921. During the years 1906-7 
he was sent to the Hansard Medical School for special training in physiology, 
where he also served as Instructor in Physiology. In 1921 he accepted the 
Professorship of Pharmacology in the St. Louis University School of Medicine 
and was its Departmental Chairman until his death. From 1924 he* also served 
continuously as Pharmacologist to the St. Mary’s Hospital, of St. Louis. During 
the first World War he joined the Reserve Corps of the Army, in which service 
he attained the rank of Major. 

Dr. Auer contributed much to both physiological and pharmacological sciences. 
Some of his studies at the Rockefeller Institute w’ere done in conjunction with 
the late Samuel J. Meltzer. His scientific papers w^ere of a varied nature and 
niunber about 150, among which were investigations on the heart, the kidney, 
the liver, the gall bladder, connective tissue, digestion, respiration, reflexes, 
functional disturbances caused by anaphylaxis, tetanus, w’ar gases, and the 
physiological action of various drugs. During his war service he was the first 
to use magnesium sulfate intravenously as a relaxant in a case of tetanus. 

In addition to being an organizer of the Society for Pharmacology and Experi- 
mental Therapeutics, he was its secretary from 1912 to 1917 and its president 
from 1924 to 1927. He was also a member of the Association of American 
Physicians, Society for Experimental Biology and Medicine (being its vice 
president from 1917-18), the American Phj'siological Society, American Asso- 
ciation for the Advancement of Science, the Harvey Society, the St. Louis 
Academy of Sciences and the St. Louis Medical Society. A few weeks before 
his death he received honorary membership in the St. Louis Society of Anesthe- 
siologists “for his pioneering work in the field of anesthesiology” and because his 
“continued interest has proved a source of stimulation to the younger members 
in this field and has contributed greatly to this branch of medical science.” 
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Dr. Auer was the embodiment of the true investigator whose imaginative 
insight, perseverance and powers of analysis and ssmthesis were of a remarkably 
high order, his devotion to truth uncompromising. These fine qualities he 
brought to his students, together with his unselfishness and a vast knowledge in 
related fields, thus developing a breadth of view and an intelligence that is 
essential for the scientific physician. As a tribute to his outstanding qualities 
as a teacher and as an evidence of the esteem of the Lambda Chapter of the Phi 
Beta Pi Medical Fraternity it presented, in 1944, to the St. Louis University 
School of Medicine, the “John Auer Lectureship” which enabled the school to 
bring to it distinguished scientists from various fields. 

It is difficult to describe briefly Dr. Auer "the man” because of his versatility. 
He was devoted to his family and friends, an enthusiastic gardener, an ardent 
reader of the classics, spending much time with the French, German, and' Latin 
authors, a critic in literature, art, and music, and a painter whose Saturdays 
always included a sketching trip which ended with a visit to his old friends in 
frames on the walls of the Art Museum. In addition to his deep love for the 
truth, he possessed an intense sympathy for manldnd, and an ardent desire to 
aid in the creation of a better world. His leadership and fellowship will be 
missed by men in all wallis of life. 

Geohge B. Roth 
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In a pharmacological evaluation of dihydroergotamine methanesulfonate 
(DHE-45) reported by Orth and Ritchie (1), it was found that 0.4 mgm, of the 
drug per kg^n. completely inhibited cardiac irregularities produced by the injec- 
tion of a standard dose of epinephrine into dogs anesthetized with cyclopropane. 
Similar protective activity with an equal dosage of dihydroergocornine (DHO- 
180) was reported by Orth, Capps and Suckle (2). The purpose of the present 
study is a comparison of the relative effectiveness of these two drugs in the pre- 
vention of cyclopropane-epinephrine induced arrhythmias and also a preliminary 
note regarding trials and comparisons of DHO-180 and DHE-45 to prevent spon- 
taneous cardiac irregularities arising clinically during cyclopropane anesthesia. 

Methods. Ten dogs and 4 monkeys (il/aracus rhesus) were used in this comparative 
study. The animals were anesthetized with cyclopropane and oxygen mijctures and main- 
tained on approximately 30 per cent cyclopropane in ox>'gen by an endotracheal to-and-fro 
absorption method. After equilibrating the animals on this mixture for 20 to 30 minutes, 
epinephrine was administered by a standard technic (3). 

During the injection period electrocardiograms were recorded every 10 seconds. In the 
second minute tracings were made every 15 seconds and then records were made at intervals 
for a period of 5 minutes from the beginning of the epinephrine injection. The duration of 
ventricular tachycardia thus could be established for any given animal. The possibility 
of an adrenolytic action of cyclopropane (4) also was determined for each animal. 

At subsequent periods with intervals of at least 3 days, the animals were anesthetized 
as above and given DHO or DHE, the drugs being administered separately to each animal 
on different days. Doses of 0.2 mgm. of the drugs per kgm. were diluted to a total volume 
of 5 cc. with normal saline and injected intravenously at the rate of 1 cc. each 10 seconds. 
Electrocardiograms were taken at appropriate intervals during these injections. After 
allowing 5 minutes to elapse following administration of the DH compound, the standard 
dosage of epinephrine previously found to be effective in eliciting ventricular tachycardia 
was given. If 0.2 mgm./kgm. of DH compound failed to protect against cardiac irregulari- 
ties, some of the animals were given a subsequent 0.2 mgm./kgm. within 10 nunutes of the 
first dose for the purpose of more accurate comparison of the two drugs. At 10 to 20 minute 
intervals after these injections, the standard dosage of epinephrine was repeated until 
cardiac irregularities again occurred or until 2 hours had elapsed after administration of 
the DH compound. Thiis the amount and duration of protection could be determined for 
comparison of the drugs. 

* Supported in part by tbe Research Committee of the Graduate School from funds sup- 
plied by the Wisconsin Alumni Research Foundation and in part by a grant from Sandoz 
Pharmaceuticals, New York. 

* Resident in Anesthesiology from Hclsingborg, Sweden. 
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In the jlfflcacus rhesus when spontaneous irregularities occurred and normal rhythm 
could not be restored by inflation of the lungs with oxygen and decrease in depth of anes- 
thesia, one of the DH compounds was injected intravenously. In all instances the irregu- 
larities occurring spontaneously were eliminated within I minute from the start of the in- 
jection, Thus it was possible to give epinephrine injections subsequently and determine 
the duration of protection. 

In the preliminary clinical use of DHE and DHO for the protection of cardiac irregulari- 
ties, 9 control and 23 test patients have been observed under a variety of operative condi- 
tions. The usual premedication of atropine or scopolamine alone or in combination with 
small doses of morphine sulfate was used. The three standard electrocardiographic trac- 
ings were taken, after which the DH compound was injected intravenously or intramuscu- 
larly. Initial dosage was 1 mgm. total amount. For succeeding patients this was increased 
to 5.5 mgm. of DHE or to 4 mgm. of DHO. Only 1 mgm. doses have been employed for 
intramuscular use. One to 3 minutes were used for the intravenous injections, during 
which time electrocardiographic records were taken. Two to 3 minutes following the in- 
jections, records were obtained again for the three standard leads. The induction of anes- 
thesia with a cyclopropane-oxygen mixture was started within 5 minutes after completion 
of DH compound injection. Maintenance of anesthesia was with cyclopropane and oxygen 
using the to-and-fro absorption technique either with or without tracheal intubation. 

The electrocardiographic beam, usually lead II, was observed continuously and tracings 
were made whenever cardiac irregularities were anticipated or seen. The usual graphic 
anesthesia record of pulse, blood pressure, respiratory rate and depth of anesthesia, along 
with other notations for correlation with the stage of the operation, was kept by the anes- 
thetist. 

Results. In tables 1 and 2 are summarized the laboratory data. It can be 
noted from them that DHO unquestionably is a better protective agent in the 4 
monkeys studied and that it appears to have some advantage over DHE in dogs. 
The adrenolytic effect of cyclopropane did not occur within the times noted in 
table 2 for duration of protection. 

The clinical results up to the present time are summarized in table 3. Not 
only were arrhythmias more varied and frequent subsequent to the use of DHE 
than after the use of DHO, but those which arose were of greater possible danger. 
Three of the patients given DHE developed periods of ventricular tachycardia 
and in two of these instances it occurred within 10 minutes of the administration 
of the drug. 

0.xygenation appeared to be good at the time tachycardia occurred and a rela- 
tive overdose of cyclopropane seemed to be the cause. One of the 13 patients 
given DHO showed one short burst of ventricular tachycardia which occurred 30 
minutes after the injection of 3 mgm. of the drug and at a time when there was 
cyanosis due to respiratory depression. 

Nausea in 2 patients and vomiting in 1 occurred during the intravenous injec- 
tion of DHO. Nausea or vomiting did not occur %vith the intravenous adminis- 
tration of up to 0.5 mgm. of DHE. The dosages were injected during a period of 
3 minutes. 

With the use of DHO there was a striking absence of the elevation of blood 
pressure that frequently occurs during the induction of cyclopropane anesthesia 
and there was a tendency for the sj'stolic and diastolic pressure to become lower 
and remain lower than usual during the maintenance of anesthesia. This was 
not true in the patients treated with DHE. 
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Sb: of the 13 individuals given DHO exhibited periods of bradycardia with 
rates of under 50 per minute during cyclopropane anesthesia. None of the pa- 
tients given DHE had such a degree of bradycardia. 

Two of the individuals given DHO had a moderate bradycardia for 6 to 12 
hours post-operatively. Othemdse there were no unusual post-operative effects. 

Intestinal activity was of interest. Intraperitoneal operations were performed 
on 2 of the patients given DHO and observations were possible within 15 minutes 
of the start of the anesthetic. In both instances there was a marked contraction 

TABLE 1 


The ‘proUclive action of Dihydroergotamine and Dihydroergoeornine on cyclopropane- 
epinephrine tachycardia in dogs and monkeys 


1 

AKIUAL MO. ^ 

EPINEPnaiST DOSE 

DUtATIOH OP VXMTEinftAE TACHYCAROtA 

Control epinephrine | DHE-4S (0 2 mgm./ | DHO*180 (0.2 mgm./ 
response | kgm.) and epinepbrtne | kgm.) and epioeptirine 

Dogs 


1 1 

Mttn./kgm. j 

recoffdr 

, ttcortdt 

seconds 


.003 

10 

0 

0 

2 ' 

.01 

15 

0 

0 

3 1 

.01 

50 

0 

0 

4 

.01 

20 

0 ' 

0 

5 

.01 

70 

0 ! 

0 

G 

.02 

10 

Burst 

0 

7 

,01 

10 

0 

0 

S 

.01 

50 

40 

Burst 

9 

.01 1 

20 

20 

0 

10 ' 

,01 1 

70 

0 

Bursts 


Monkeys 


1 

.001 

20 

Bursts* 

0* 

2 

.001 ' 

20 

0* 

0* 

3 

.005 

40 

120 i 

Bursts 

4 

.005 1 

50 ' 

40 

0 


* A dosage of 0.01 mgm./kgm. of epinephrine was used in these tests. 


of the gastro-intestinal tract. A cholecystectomy was done on one of the DHE 
treated patients. Only the gallbladder was adequately observed and it was 
found to be small and contracted. 

Discussion. The number of dogs studied in this series is not sufficient and the 
differences between the protective ability of the two drugs in a given animal are 
too small to be certain that one drug is better than the other. Admittedly there 
is some day-to-day variation in the response of the individual animal. On the 
other hand, because of the clear-cut difference in the amount and duration of pro- 
tection between DHO and DHE in the 4 monkeys, it seems fair to state that 
DHO is the better drug for this species. 

In the dog and monkey, DHO, as well as DHE, prevents cyclopropane-epi- 
nephrine induced cardiac irregularities without harmful side effects. These 



TABLE 2 


Effects of dihydroergocornine and dihydroergoiamine on cardiac irregularities produced 
deliberately in the dog and in the monkey 


ANQIAL 

KO. 

DH.C01IP0DOT 

PROTTCnON TO CYCLO- 
PROPANE-EPIKEPERINE 
CARDIAC IRRECU* 
tARlTtES* 

REUASSS 


injected ] 

Dosage 

Bosage of 
eplnpehrine 

Duration of 
protection 

1 


Monkeys 




msm./ijm. 

mgm./ksm. 

mtii. 


1 

DHE 

0.2 

0.01 

None 

Better protection with DHO 


DHO 

0.2 

0.01 

70 


2 

DHE 

0.2 

0.01 

51 

Better protection with DHO 


DHO 

0.2 

0.015 

94 


3 

DHE 

(0.2 + 0.2) 

0.005 

None 

Better protection with DHO 


DHO 

(0.2 + 0.2) 

0.005 

38 


4 

DHE 

0.2 


None 

Better protection with DHO 


DHO 

0.2 

iH 

49 



Dogs 


1 

DHE 

0.2 1 

0.005 

58 

Questionable advantage to DHO 


DHO 

0.2 

0.005 

75 


2 

DHE 

0.2 1 

0.01 

111 

Questionable advantage to DHO 


DHO 

0.2 

0.01 

120+ 


3 

DHE 

(0.2 + 0.2) ! 

0.01 

None 

No advantage to either drug 


DHO 

(0.2 + 0.2) 

0.01 

None 


4 

DHE 

0.2 

0.01 

None 

j No advantage to either drug 


DHO 

0.2 

0.01 

None 


5 

i DHE 

0.2 

0.01 

122 

Approx, same protection with 


DHO 

0.2 

0.01 

124 

both drugs 

6 

DHE 

(0.2 + 0.2) 

0.02 

28 

Better protection with DHO 


DHO 

0.2 

0.02 

68+ 


7 

DHE 

(0.2 + 0.2) 

0.01 

23 

Better protection with DHO 


DHO 

0.2 

0.01 

54 


8 

DHE 

(0.2 + 0.2) 

0.01 

None 

No advantage to either drug 


DHO j 

(0.2 + 0.2) 

0.01 

None 


9 

DHE 

(0.2 + 0.2) 

0.01 

None 

No advantage to either drug 


DHO ^ 

(0.2 + 0.2) 

0.01 

None 


10 

DHE 

0.2 

0.01 

60 

Better protection with DHE 


DHO 

0.2 

0.01 

[ None 



* Ventricular tachj'cardia, ventricular premature contractions, or bundle branch block. 
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drugs also will eliminate spontaneous irregularities which occur in monkej's 
during cyclopropane anesthesia. 

, The clinical results up to the present time are far from being conclusive. Op- 
timum dosage, route of administration, duration of action, and side-effects of 
these drugs for use during cyclopropane anesthesia in man can only be determined 
after many more patients are studied. 

If the DH compounds do prove to be of value in the treatment or prevention 
of spontaneous cardiac irregularities arising during cyclopropane anesthesia, the 
results in these 23 clinical cases indicate that DHO would be the better drug 
to use. Kurtz, Bennett and Shapiro (5) made electrocardiographic observa- 
tions on 41 patients during anesthesia with cyclopropane. Four of these patients 

TABLE 3 

The effect Vn poiicnfs o/ the «8C of DUO-tBO and DHE-4S to prevent spontaneous cardiac 
irregularities as observed and recorded eleclrocardiographieally during 
cyclopropane anesthesia 


KrmBtS OT FATtEHTS 

TOTAL DOSAGE E^JECIED 

CAEDIAC mZCDLAJtrnXS 

OCCirUtED 

KO CASSUC XISECD- 
LAsrms occmtzD 

DHO-ISO 


mtm. 



3 

1.0 

1 

2 

7 

2,0 

4 

3 

3 

4,0 

1 

2 

DHE-45 

2 

1.0 

1 

1 

3 

2.0 

2 

1 

1 

3.0 

1 

0 

1 

5,0 

1 

0 

3 

5.5 

2 

1 


developed ventricular tachycardia of relatively long duration. In the one in- 
stance that ventricular tachycardia occurred during the use of DHO in 13 pa- 
tients, its duration w'as only a matter of a few seconds. Thus, the definite 
impression has been gained that DHO affords some protection in man. 

Certain aspects of the sympathicolytic activity of DHE-45 and DHO-180 have 
been studied by Bluntschli and Goetz (6). They conclude that DHO is the first 
known ergot derivative to act in a purely sympathicolytic fashion in man and 
they suggest that its site of action is in the higher sjunpathetic centers, i.e., the 
medulla and/or the hypothalamus. In the study of the mechanism of cyclopro- 
pane sensitization (7), it was found that tachycardia does not appear after decere- 
bration, the production of lesions in the pons, or bilateral S3rmpathectomy. 
These findings suggest that DHO might be a suitable drug to control spontaneous 
cardiac irregularities occurring in man during cyclopropane anesthesia. 

Up to the present time it appears unlikely that a standard dosage of DHO or 
DHE can be determined for clinical usage which vill prevent cardiac irregulari- 
ties without producing disturbing side effects. A more reasonable aim would be 
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to determine a dose that would prevent the serious arrhythmias that occasionally 
occur in a well managed anesthetic. Whether the effects on blood pressure, pulse 
rate, and intestinal motility prove to be a hazard or an aid to clinical anesthesia 
is purely speculative at this time. 


CONCLUSIONS 

1. Dihydroergocomine (DHO-180) appears to be a more effective drug than 
dihydroergotamine (DHE-45) for the prevention of cyclopropane-epinephrine 
induced cardiac irregularities in dogs and monkeys. 

2. The compounds stop spontaneous cardiac arrhythmias occurring during 
cyclopropane anesthesia in the Macacos rhesus. 

3. Preliminary clinical trials in 23 patients are described. 

Acknowledgment for the help of Dr. Henry M. Suclde and Mr. Robert T. 
Capps in some of the experiments is gratefully extended. 
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ON THE MAMMALIAN CAPILLARY BED^ 

THOMAS J. HALEY and D. HAREIETTE HARRIS 
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Introduction. In a recent review of the pharmacology of the antihistaminic 
drugs, Loew (1) stated, **It vnW be important to determine the extent to which 
the action of antihistamine drugs is referable to a direct effect upon capillaries. 
. . This statement leads to the present investigation in which it was decided 
that topical application of these drugs without pre- or post-histamine medication 
might show the site of action of the antihistaminic compounds insofar as the 
capillary bed itself was concerned. 

ExPERiUBNTAii. Thc mcso-appendix of TOstar strain rats was exteriorized and arranged 
for perfusion and microscopic observation according to the method of Chambers and 
Zweifach (2). Thc animals used weighed from 135-220 gm. (average 150 =fc 10 gm.). The 
anesthetic, sodium pentobarbital 45 mgm./kgm. intraperitoneally, was given in a total 
volume of not more than 0,15 cc. to reduce any untoward effects such as those described by 
Zweifach et al, (3). Further, as required to maintain the same depth of anesthesia addi- 
tional anesthetic was given, usually not more than 0.05 cc. of the pentobarbital solution. 
TbesoIutionsofthedrugsinLocke-Ringer'swerepreparedpriortouse andmaintained at 37.5” 
^ 0.2”C. until applied to the preparation. The perfusion fluid, Locke-Ringer's containing 
1 per cent gelatin, was allowed to drip on the membrane at a temperature of 37.5” rfs 0.2”C. 
maintained by an electrically heated and thermostatically controlled water bath of 12 1. 
capacity. All animals were standardized as to vasoconstrictor response of the capillary 
bed by the topical application of 0.1 cc. of 1:2 X 10* solution of epinephrine and direct ob- 
servation of the precapillary sphincters of a selected vessel. Although all the vascular 
elements in the field w'ere observed, all subsequent evaluations were made upon this vessel 
in a given animal and those which were not responsive were discarded. The antihistaminics 
and control drugs were made up in molar solutions so that better comparison of their vaso- 
constrictor potency could be obtained. Thc periods of observation after applying the drugs 
and washing to remove the drug were 5 and 10 minutes, respectively. Epinephrine, 0.1 cc. 
1 :2 X 10*, was applied before and after each dilution of the drug to check not only the nor- 
mality of the membrane but also to determine accurately the typo of response observed. 
Further, to be certain that the drugs were acting at the same site as histamine, this drug 
was topically applied to the membrane at a dose of 0.1 cc, of a 0.0001 molar solution, this 
being the dose necessary to increase thc rate of flow in the vascular bed without causing 
any deleterious effects in the animals. In order to rule out the effect of acetylcholine, this 
drug was also tested, and it was necessary not only to wash the membrane but to apply 
Pavatrine 0.1 cc. of 0.01 molar solution to obtain again a response to epinephrine. Further, 
to be certain that the effect of the drug w'as not due to the solvent used, 0.1 cc. of water was 
applied to the membrane after the study of the responses of each animal was completed. 
Also, when the response observed was doubtful, it was checked by applying either diphenhy- 
dramine or pyranisamine 0.1 cc. of a 0.01 molar solution. A control group was also tested 
with benzazoline because this drug, which contains the imidazole group, was known to be 
a potent vasodilator. 

* This paper is based on work performed under Contract No. AT-04-1-GEN-12 with the 
Atomic Energy Commission for the University of California at Los Angeles. 

293 



294 


THOJUS J. HAIiEY AND D. HARRIETTE HARRIS 


Results. The effects observed with the various drugs tested are given in 
tables I to VI in which the drugs are classified as to chemical structure. Itirther, 
lateral histograms (see tables) are used to enable the potency to be rapidly esti- 
mated. In the dilutions which were effective, the degree of local vasoconstrictor 
activity of the drugs was equivalent to that produced by the similar local effects 


TABLE r 

Ethanolamine derivatives 


COMMON NAME 

CHEMICAL NAME 

MOLEC* 


MOLAR CONCENTRATION 

REUASES 

WEIGHT 

BASE 

IM 

0.1 M 

0.01 

M. 

0.001 

M 

0.0001 

M 

Benadryl 

Diphenhy- 

dramine 

0-dimethyl amino 
ethyl benzhy- 
dryl ether HCl 

255.35 

1 

♦5/5 

5/5 

5/6 

4/5 

1/5 

Precapillary 
sphincters com- 
pletely closed 
at 0.001 ilf 

Linadryl 

A-446 

0 - morpholino - 
ethyl benzhy- 
dryl ether HCl 

297.33 

5/5 

5/5 

0/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.1 M 

Decapryn 

Doxylamine 

Benzyl - pyridyl- 
methyl - ethy- 
oxy-dimethyl - 
amine succin- 
ate 

270.36 

5/5 

5/5 

i 

1/5 

0/5 

0/5 

Preoapillary 
sphincters 
closed at 0.1 M 

SC 1694 

0-dimethyIamino 
ethyl benzhy- 
dryl ether salt 
of S-chloro- . 

theophyllin 

255.35 

iO/5 

1 

j 

0/5 

! 

0/5 

1 0/5 

0/5 

Vasodilator (See 
table VI) 

Prep. 204 

Benzhydryl-oxy- 
methyl imida- 
zoline HCl 

266.33 

5/5 

5/5 

5/5 

3/5 

0/5 

Preoapillary 
sphincters 
closed at 0.001 
M 

Tastromin 

929F 

Thymoxy- 

ethyldi- 

ethylamine 

2 - isopropyl - 5 
methyl phe- 
noxyethyl di- 
ethylamine 

HCl 

249.38 

5/5 

, 5/5 

! 

5/5 

3/6 

0/5 

! 

Precapillary 
sphincters 
closed at 0.001 
M. Capillary 
hemorrhage in 
one animal 


* The ratios signify the number of active vasoconstrictor responses over the number 
of animals used. 


of epinephrine. However, diphenhydramine, pyranisamine, phenindamine and 
phenergan caused a definite decrease in the blood flow throughout the entire field. 
This was observed as a blanching of the membrane, and indicates that these drugs 
at a dilution of 0.0001 i¥ are more potent vasoconstrictors than epinephrine at 
1 :2 X 10®. In general, the vasoconstrictor activity of these drugs agrees with 
both the experimental and clinical results thus far reported. 
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Discussion. The vasodilatation produced by such drugs as SC 1898 and SC 
1742 is readily explained by their similarity to acetylcholine which also had a like 


TABLE II 
Tkenfft deri&alives 


COUUON KAUS 

CEZUlCAt. NAUE 

uotxc- 

MOLAS COMCEKTBATION 

KZUASES 

WEICBT 

BASE 

IM 

0.1 a 

001 

M 

o.oot 

M 

0.0001 

M 

Diatrin 

N-diraethyl-N^ - 
phenyl-N' - (2- 
thienyl) meth- 
ybethylenedi - 
amine HCl 

260.39 

1*5/5 

5/5 

1/6 

0/5 

0/5 

Precapillary 
sphincters com- 
pletely closed 
at 0.1 M 

Tagathen 

Chlorothen 

citrate 

N*dimethyl-N' « 
pyridyl-N' -5* 
chlorothenyl - 
1 ethylcnedi 
amino citrate 

. 293.81 

i 

5/5 

5/5 

2/5 

1 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.01 
iif. Drug 

caused capil- 
lary hemor- 

rhage in 3 ani- 
mals at 0.1 M 

Chlorothen 

N-dimethyl-N' - 
pyridybN' -5 - 
chlorothenyl - 
ethylenedia - 
mine HCl 

293.81 

6/5 

4/5 

3/5 

0/5 

! 

0/6 

Precapillary 
sphincters 
closed at 0.01 
M. Drug 

caused capil- 
lary hemor- 

rhage in 3 ani- 
mals at 0.1 M 

Bromothen 

N-dimcthyl-N' - 
pyridyl-N'- 5- 
bromothenyl - 
ethylenedia - 
mine HCl 

337.27 

4/5 : 

4/5 

1/5 

0/5 

0/5 

Precapillary 
sphincters com- 
pletely closed 
at 0.1 M 

Thenylene 

Histadyl 

Methapyrilene 

N"dimethyl-N' - 
pyridyl-N' 
thenylethyl - 
cnediamine 

HCl 

259.36 

1 

5/5 

5/5 

2/5 

1 

0/6 

1 

i 

0/5 

Precapillary 
sphincters 
closed at 0.01 
Af. Drug 

caused capil- 
lary hemor- 

rhage in one 
animal at O.I Jf 


* The ratios signify the number of active vasoconstrictor responses over the number of 
animals used. 


action upon the capillary bed. Furthermore, these three compounds as well as 
histamine decreased the stickiness of the white cells causing them to enter the 
streamline 6ow. Epinephrine and the other antihistaminics caused the white 
cells to adhere to the vessel -walls. 
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The vasodilatation produced by SC 1694: was probably due to the 8-chIoro- 
theophyllin being more potent than the diphenhydramine part of the molecule. 
In particular this drug has a more potent action upon the larger vessels in the 


TABLE III 

Elhylenediamine derivatives 


COMMON NAME 

CHEMICAL NAME 

i MOIEC* ! 
1 ULAJt j 

MOLAB CONCENTRATION 

REUARES 

WEIGHT 1 
1 BASE 1 

IM 

0.1 M 

O.Ol 

M 

O.OOl 

M 

0.0001 

M 

Neoantergant 
Pyranis amine 

N'- p- methoxy - 
benzyl - N' - 
pyridyl N-di- 
methyl ethyl- 
ene diamine 
maleate 

1 285.40 

j 

5/5* 

6/6 

5/5 

5/5 

0/5 

Preoapillary 
sphincters com- 
pletely closed 
at 0.001 ilf 

Pyribenz- 

amine 

Tripelenna- 

mine 

N' -benzyl -N' - 
pyridyl -N- di - 
methyl-ethyl - 
enediame HCl 

255.37 

5/5 

4/5 

3/5 

1/5 

0/5 

Precapillary 
sphincters com- 
pletely closed 
at 0.01 Ilf 

Neohetra- 

mine 

Thonzylamine 

N - p - methoxy - 
benzyl-N'-py - 
ramidyl-N-di - 
methyl ethyl- 
ene - diamine 
HCl 

287.40 

5/5 

j 

5/5 

5/5 

5/5 

3/5 

G.I. infection 

sensitizing the 
preparation to 
the drug 

ft ft 



5/5 

1 5/5 

0/5 

0/5 

0/5 

Precapillary 
sphincters 
closed com- 

pletely at 0.1 ilf 

1571 F 

N' - phenyl - N' - 
ethyl - N - di- 
ethyl ethylene 
diamine HCl 

220.35 

5/5 


5/5 

5/5 

' 0/5 

Precapillary 
sphincters 
closed at 0.001 
ilf but not as 
potent as Neo- 
antergan 

Antistine 

Phenazoline 

N' - phenyl - N' - 
benzylamino - 
t methyl - imid - 
azoline HCl 

265.35 

5/5 

5/5 

5/5 

3/5 

0/5 

Precapillary 
sphincters 
closed at 0.001 
ilf but not as 
potent as Neo- 
ant ergan 


* The ratios signify the number of active vasoconstrictor responses over the number of 


animals used. 

t Lessens effect of epinephrine, histamine, and HiO. 

preparation. In regard to vasodilatation by direct action on the muscular coat- 
ing of the blood vessels, theophyllin is the most potent of all the xanthine drugs. 

The 6nding that acetylcholine in high dilution produced a permanent vasodila- 
tation unless neutralized by Pavatrine was to be expected because of the predomi- 
nant role of the cholinergic 6bers in the nervous control of the intestinal tract. 
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The inactivity of benzazoline, which has been shown to be a potent vasodilator 
on the capillaries of the rabbit’s ear (4) and hind limb preparations (5), may have 
been due to the animal used (the rat). However, Littner (6) reported that ben- 
zazoline had no peripheral vasodilator effect in the toad, dog, rabbit and rat. 
Further, Braun (7), after using the rat, concluded that the site of action of the 
drug was proximal to, but not on, the capillaries themselves. Regardless of the 


TABLE IV 

ThiodiTihmylamine derivalivts 


COUUOH NAlte 

areincAi. KAUE 

: UOtEC* 

UOLAS CONCENTRATION 

SEUAUS 

WEicnr 

BASE 

IM 1 

|o.im| 

0.01 

1 

0.001 

0.0001 

M 

sc 1627 

3015 HP 

N'dimethylamino 
ethyl thiodi- 
phenylamine 

1 HCl 

270.26 

5/5* 

5/5 

4/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.01 ill 

Phcnergan 

3277 UP 

N-dimethylami - 
j no - isopropyl 
thiodiphenyl - 
amine HCl 

284.41 

5/5 

5/5 

5/5 

, 5/5 

0/5 

Precapillary 
sphincters com- 
pletely closed 
at 0.001 iff. 
Equal to Neo- 
antergan 

so 1923 

N-melhyl ethanol 
amino ethyl 
thiodiphenyl - 
amine HCl 

300.25 

5/5 

5/6 

5/5 

0/5 

! 

0/5 

Precapillary 
sphincters 
closed at 0.01 iff 

SC 1898 

1 

N-dimethyl eth- 
anol amino ' 

ethyl thiodi- 
phenylamine 
bromide 

395.20 

0/5 1 

0/6 

0/6 

0/5 

0/6 

Vasodilator (See 
table VI) 

SC 1742 

N - trimethyl - 
amino ethyl 
thiodiphenyl - 
amine chloride 

320.75 1 

0/5 

0/5 i 

0/5 

0/5 

0/5 

Vasodilator (See 
table VI) 


• The ratios signify the number of active vasoconstrictor responses over the number 
of animals used. 


exact site of action it is known that benzazoline definitely inhibits both injected 
epinephrine (8, 9) and sympathin released by adrenergic nerve stimulation (10- 
12). This is important because we observed no epinephrine inhibition or reversal 
after topical application of benzazoline to the rat meso-appendix capillary bed. 
Histamine, which acts directly upon smooth muscle, caused dilation and phenazo- 
line and 204 both caused vasoconstriction. All four of these compounds contain 
the imidazole group and the latter two are analogues of Antergan and diphenhy- 
dramine, respectively. Thus, from a structural viewpoint it appears that the 
aromatic substituents at the opposite end of the aliphatic chain play a more im- 
portant part than the imidazole group insofar as vasoconstrictor potency is con- 
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cemed. Furthermore, the results herein presented indicate that the vasocon- 
strictor activity of the antihistaminic drugs is directly on the muscle cells of the 
precapillary sphincters and is not mediated through the adrenergic nerves. This 
is in accord with the statement of Wells and Morris (13) that an antihistaminic 
drug competes with histamine for its site of action. 

TABLE V 


Miscellaneous compounds 


COiQION KAME 

CHEinCAL NAilE 

MOLEC- 

VLAR 


MOLAR COKCEKTRATIOJf 

REMARKS 

WEIGHT 

BASE 

IM 

0.1 M 

0.01 

M 

0.001 

M 

0.0001 

M 

SC 887 

Diethylamino - 
ethanol 9-10, 
dihydroan 
thracene car- 
boxylate HCI 

323.28 

5/5* 

^ 5/5 

5/5 

0/5 

0/5 

Precapillary 
sphincters 
closed at 0.01 M 

Trimeton 

Prophenpyrid- 

amine 

1 - phenyl - 1 - (2- 
pyridyl)-3-di - 
methylamino 
propane 

240.34 

5/5 

5/5 

4/5 

0/5 


Precapillary 
sphincters 
closed at 0.01 31 

Pavatrine 

Diethylamino - 
ethyl - 7 - fluo- 
rene carboxj'l- 
ate HCI ; 

310.26 

5/5 

j 

5/5 

i 

2/5 


0/5 

Precapillary 
sphincters 
j closed at 0.1 31 

Thephorint 

Phenindamine 

2 - methyl - 9 - 
phenyl 2, 3,4,9- 
1 tetra - hydro - 
pyridinolene 
hydrogen tar- 
trate 

260.34 

4/5t 

i 

5/5 

5/5 

i 5/5 

1 

1 

0/5 

Animal died.f 

Precapillary 
sphincters 
closed com- 

pletely at 0.001 
M, equal to 
Neoantergan 

Trasentine 

Adiphenine 

Distilled 

water 

Diethylamino - 
ethyl ester of 
diphenylacetic 
acid HCI 

311.23 

0/5 

145 

145 


1 



No effect on 
capillary bed 

Complete blanch- 
ing of the mem- 
brane 


* The ratios signify the number of active vasoconstrictor responses over the number 
of animals used. 

t Lessens effect of epinephrine and histamine. 


From the results herein presented, it appears that drugs having a molecular 
weight from 249 to 287 are more potent than those of higher molecular weight. 
Further, it appears that substitution of a thenyl or halogenated thenyl group for 
the benzyl or pyridyl group decreases the vasoconstrictor potency, although the 
molecular weight maj”^ be maintained within the optimal range. Also, it can be 
seen that cyclization of the terminal amine group to produce a morpholine group 



















‘ ANTIHISTAMINICS ON CAPILLARIES 


299 


decreases the activity while cyclization to form the imidazole group has little 
effect on the potency as measured on the capillary bed. 

In the rabbit and dog, increased capillary permeability has been measured by 
following the rate of extravasation of dj^cs or India ink after the intradermal in- 
jection of histamine. Diphenhydramine (14-17), tripelcnn amine (14, 18, 19) 
thonzylamine (16, 20, 21), pyranisamine (22-24), doxylamine (25) and Diatrin 


TABLE VI 
Vasodilator compounds 


COUUOK KAU£ 

CHEMICAL 

1 

UOLEC- 


UOLAS COKCEKTSATIOK 

KEUASES 

WEICBT 1 
SASE 

IM 

1 0.1 M 

I O.Ol 

1 0 001 

1 

1 0 0001 

1 

Acetylcholine 

chloride 


181.59 

5/5*' 

5/5 I 

5/5 

! 

5/5 

5/6 

1 

Complete relaxa- 
tion of capil- 
lary bed, no 
recovery on 

washing 

SC 1742 

1 

N - trimethyl - 
amino ethyl 
thiodiphenyl 
amine chloride 

jS-dimethylaminoj 

320.75 

6/5 

5/5 1 

j 

5/5 

1 

! 

6/6 

! 

i 

6/5 

Same but recov- 
ered on wash- 
ing. Also see 
table IV. 3 
animals did not 
respond to his- 
tamine or dis- 
tilled water 

SC 1694 

1 

1 

ethyl benzhy- ' 
dryl ether salt 
of S-chlorothe- 
ophyllin 

255.35 

5/5 

5/5 

5/5 

0/5 

0/6 

1 

No effect on cap- 
, illaries. Re- 

laxation of met- 
arterioles and 
arterioles. See 
table I 

Priscol 

Benzazoline ' 

2-benzyl imid* ! 
azoHne HCl 

160,21 

0/5 

1 0/5 

0/5 

, 0/5 

0/5 

No effect on cap- 
illary bed 

Histamine 

0 - imidoazolyl A 
ethylamine 

HCl 

U1.09 

0 

0 

1 0 

0 

145 

145 

Relaxation of 

vessels and in- 
creased blood 
flow through 
entire area 


* The ratios signify the number of active vasoconstrictor responses over the num- 
ber of animals used. 


(26) are all able to diminish or prevent the local accumulation of dye which occurs 
after the intradermal injection of histamine. The other antihistaminics would 
be expected to have a similar action differing only in the doses required to prevent 
the extravasation of the dye. The wheal and flare reaction that occurs after the 
intradermal injection of histamine in man is also diminished or prevented by pre- 
medication with the antiliistaminic drugs (27). The reduction of the tuberculin 
skin reaction after antibistarainic medication has also been reported (28, 29), as 
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has the reduction in the egg white edema in the rat (30, 31). Further, Halpem 
(32) found that capillary resistance was elevated in allergic, but not in normal, 
subjects after medication with phenergan, Antergan or pyranisamine. Phener- 
gan was the most potent in this respect. The action of histamine in these cases 
is purely a local one and the doses of .antihistaminics employed are within the 
range herein reported as causing vasoconstriction on the capillary bed. Further, 
it is logical to assume that whether histamine itself acts to relax the precapillary 
sphincters or has a general relaxant effect upon the other vessels of the peripheral 
vascular system (metarterioles and arterioles), the overall effect would be one of 
congestion ending in the loss of fluid into the interstitial spaces. Any mecha- 
nism which prevents this relaxation and congestion would tend to decrease capil- 
lary permeability. The vasoconstrictor action of the antihistaminic drugs on the 
precapillary sphincters reduces the flow through the capillaiy bed and thus would 
reduce capillary permeability and the e.xtravasation of dyes, India ink or plasma 
into the surrounding tissues. Further, the observation that when histamine was 
applied to the capillaiy bed the cell wall and/or the leucocjrtes tended to be less 
sticky (enter the streamline flow of the erythrocytes) might lead one to assume 
that the leucocytes play a mechanical part in either decreasing or increasing 
capillary permeability. Both the antihistaminics and epinephrine caused an 
opposite effect, namely, that of increasing the stickiness of the cell wall and/ or the 
white cells causing those cells to remain more firmly attached to the cell walls of 
the vessels. Furthermore, by acting as vasoconstrictors at the precapillary 
sphincters, the antihistaminics would prevent histamine from acting without 
decreasing the total amount of circulating histamine. Pellerat and Murat (33) 
have shown that after antihistaminic therapy the circulating histamine was in- 
creased 6 to 12 fold for more than 24 hours. Staub (34) showed that intravenous 
epinephrine increased blood histamine levels and prior medication with intrave- 
nous phenazoline diminished this rise. Thus blocking the action did not result 
in too great a decrease in the histamine blood level. Furthermore, after the 
antihistaminic effect has worn off, there is a tendency for histamine to again pro- 
duce its vascular effects. 

This discussion of the capillary action of histamine does not take into considera- 
tion the other vascular effects of the drug. However, it has been shonm that 
vasodepressor action (20, 21, 25, 32, 35-51) and the vasoconstrictor action on the 
larger arteries (52) are all blocked by the antihistaminic drugs. Such action 
would support the belief that both histamine and the antihistaminics act at the 
same site and that there is a different muscular area concerned with each action. 

smaiARY 

1. It has been shown that the antihistaminic drugs, not related to acetylcho- 
line, have a vasoconstrictor action on the precapillary sphincters of the mamma- 
lian capillary bed, while histamine has a vasodilator action. This demonstrates 
that both drugs compete for the same site of action. 

2. It has been shown that acetylcholine and antihistaminic compounds having 
the choline group exert a vasodilator effect upon the capillary bed. Further, al- 
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though -washing the bed counteracts the effect of the latter compounds, it is neces- 
sary to apply an antispasmodic drug to counteract the effect of the former. 

3. It has been shown that antispasmodic drugs have at best only a slight 
vasoconstrictor action upon the capillary bed. 

4. The vasodilator action of 8-ohlorotheophyllin is more potent than the vaso- 
constrictor action of diphenhydramine. However, the effect is not upon the pre- 
capillary sphincters but upon the vessels having more muscular coats (arterioles) . 

5. The vasoconstrictor effect produced by the antihistaminios on the capillary 
bed is produced at dilutions which are of the same order of magnitude as those 
obtained in animals or humans after oral or intravenous administration. Fur- 
ther, such vasoconstriction explains the decrease in Trypan Blue extravasation in 
animals, the decrease in the wheal and flare reaction in humans and the reduction 
in the tuberculin skin reaction. 

6. The cyclization of the terminal amine group to form a morpholine group de- 
creases the vasoconstrictor action of diphenhydramine. However, cyclization to 
form the imidazole group does not decrease the vasoconstrictor action of an anti- 
histaminic. The substitution of a thenyl or halogenated thenyl group for either 
the phenyl or pyridyl group results in a decrease in vasoconstrictor action. 
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The cardinal signs of pteroylglutamic acid (PGA, folic acid) deficiency in 
mammals are disorders of hematopoiesis and of the digestive tract. Manifesta- 
tions of severe deficiency include macrocytic anemia and granulocytopenia with 
hypoplasia of bone marrow involving crythro- and myelopoiesis. Megaloblas- 
tosis is found in monkeys and man. The lesions of the digestive tract include 
necrosis of the buccal and intestinal mucosa. Diarrhea is a' feature. Current 
knowledge of the role of the vitamin in mammalian nutrition is exhaustively 
treated in a recent review by Jukes and Stokstad (1). 

Attempts to develop structural analogs which antagonize the actions of PGA 
have been successful. Impure preparations of relatively low potency, presum- 
ably containing x-methyl analogues of PGA, were the first antagonists to ac- 
celerate and enhance the vitamin-deficiency when fed wth PGA-deficient diets 
(2, 3, 4). As expected of competitive antagonists (6), the elTects of these prep- 
arations were readily reversed by PGA, More recently a congener in which 
the 4-hydroxy group of PGA was replaced by an amino substitution (6) (4- 
amino-ptcroylglutaraic acid) was found to exert a fulminating toxic effect in 
laboratory animals. The lesions produced by this compound were difficult to 
prevent by simultaneous administration of PGA. Reports have appeared con- 
cerning its toxicity in several laboratory species (7, 8, 9) and further interest in 
the compound followed the announcement of its inhibitory actions against Rous 
sarcoma in young chicks (10) and acute leukemia in children (11). It appeared, 
therefore, of importance to explore the sites of its action and to assess whether 
the lesions produced by the agent could be considered to result from an antago- 
nism of folic acid. For these reasons the studyherereported was initiated in mice 
and rats. A subsequent report will deal with its actions in dogs (12). 

Procedure. Albino mice (AIvM strain) and rats (Wistar strain) of both sexes served 
as experimental subjects. The animals had been raised and were maintained during the 
investigations on standard laboratory diets. With exceptions, mentioned below, the 
weights of mice were between 17.5 and 22.5 gr.ams and of rats, between 100 and 200 grams. 


* This investigation was supported by research grants to the Sloan-Kettering Institute 
from the U. S. Public Health Service, Division of Research Grants and Fellowships, and 
from the American Cancer Society. 

* Neale Research Pathologist, University of Adelaide, S. Australia; National Cancer 
Institute Fellow, U. S. Public Health Service. 
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Solutions of 4;-amino-PGA’ were prepared fresh daily for immediate use in 0.9 per cent 
NaCl. They were made from ampules containing measured samples which had been neu- 
tralized before drying, or by the addition of 2 molar equivalents of NaHCOj to weighed 
amounts of the free acid. Doses were administered in the constant volume of 0.5 cc. per 
20 gram mouse and 1.0 cc. per 100 gram rat. Standard procedures, as recommended by 
Wintrobe (13) , were used to investigate the blood of rats. Samples of 2 or more cc. of blood 
were obtained in heparinized syringes at time of sacrifice from deep cuts across the axillary 
vessels of stunned rats. Bone marrow samples were obtained from long bones. Femoral 
shafts were connected to small syringes by means of rubber tubing and their contents ex- 
pelled by air-pressure. Marrow smears were stained by the Jenner-Giemsa technic. When 
possible blocks of marrow were fixed in Vandergrift’s reagent and, after embedding, stained 
with hematoxylin-phloxin-eosin and Giemsa. Representative samples of spleen, liver, 
duodenum, jejunum, ileum, colon, mesenteric l 5 rmph node, sternum, and thymus were 
treated likewise. 

Results. Toxicity. The LDso of 4-amino-PGA in animals receiving single 
doses, as estimated graphically (14) from the data of table 1, was 1.9 ± 0.3 mgm. 
per kgm. in mice and 4.5 ±1.4 mgm. per kgm. in rats. Several interesting 
features of the toxic actions may be noted in table 1. Although the agent was 
administered parenterally in doses which exceeded the LDbo at least tenfold, no 
animal succumbed earlier than the third day. Oral administration in rats was as 
effective as parenteral injection. Furthermore, 4-amino-PGA, when given daily 
in fractions of the lethal dose, appeared to be almost as toxic in mice and possibly 
more toxic in rats than when given in single doses. 

Antagonism of A-amino-POA. Attempts to reduce toxicity by treatment of 
animals with PGA met with limited success. Since the daily dosage of PGA 
employed was near the maximum tolerated by mice, it was not possible to explore 
the antagonism of the agents beyond the limits shown in table 2. Within this 
range the LDbo of 4-amino-PGA was raised several fold by repeated administration 
of the vitamin. A similar result was obtained with large doses of pteroyltriglu- 
tamic acid (PTGA) . It is interesting to note that the course of fatal intoxication 
was not appreciably altered in those animals which succumbed in spite of treat- 
ment -noth either PGA or PTGA. Most succumbed during the third or fourth 
day following 4-amino-PGA administration. 

In view of possible interrelationships among the actions of PGA, the anti- 
pernicious-anemia factor in liver, and thymine (I) a few observations were made 
to assess the effects of the two last mentioned substances on the toxicity of 4- 
amino-PGA. Wlien used as described for PGA and PTGA in table 2, refined 
liver extract and thymine in daily doses of 10 units per kgm. and 500 mgm. per 
kgm., respectively, failed to alter the effects of both 12.5 and 3.1 mgm. per kgm. 
of the toxic agent. 

Course of Intoxication. During the first 24 hours following the administration 
of fatal doses of 4-amino-PGA the behavior and appearance of mice and rats were 
unaltered. Moderate losses in weight were noted by the end of the first day. 
Subsequently debilitation set in and progressed steadily to the extent that in- 

® The authors are grateful to the late Dr. Y. SubbaRow and Dr. T. H. Jukes and their 
associates in the Lederle Laboratories for their generous provision of both ampuled prepara- 
tions and bulk samples of 4-amino-PGA, PGA, pteroyltriglutamic acid, and purified liver 
extract. 
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toxicated animals lost approximately 20 per cent of their initial weight within 72 
hours. Severe, watery diarrhea appeared 48 hours after poisoning. The feces 

TABLE 1 


Toxicity of 4-(^mino-PGA in mice and rats 


srtats 

SOQIE or 

NO. or 

DOSAGE 

UOKTAL- 

DAY or DEATH 


TIONS 

Single 

Toiil 


3 to 4 

S to7 

S to 14 




rnfm./ 

kgm./Jay 

mtvt.f 

iffn. 





Mouse 

Intraperitoneal 

1 

100 


6/6 

6 

— 

— 



1 

25 

25 

6/6 

6 

— 

— 



1 

12.5 

12.6 

34/34 


3 

1 



1 

6.3 

6.3 

11/12 


1 

— 



1 

3.1 

3.1 

26/40 

22 

4 

— 




1.6 

1.6 

9/18 

8 

1 

— 



1 

0.8 


2/18 

1 

1 

— 



1 

0.4 

mi 

3/6 

— 

3 

— 



1 

0.2 


3/6 

1 

1 

1 



s 

1.6 

8.0 

6/6 

2 

4 





7 

0.8 

5.6 

12/12 

2 

9 

1 



7 

0.4 

2.8 

7/12 

— 

5 

2 



7 

0.2 

1.4 

2/6 

— 

1 

1 



7 

0.1 

0.7 

0/3 

— 

— 




7 

0.05 


0/3 

— 

— 

— 

Hat 

Intraperitonca 

1 

40 

40 

6/6 

3 

3 

_ 



1 

20 

20 

6/6 

2 

3 

— 



1 

10 

10 

5/6 

2 

3 

— 



1 

5 

5 

4/6 

1 

2 

1 



1 

2.6 

2.5 

2/6 

— 

1 

1 



1 

1.25 

1.25 

0/6 

— 

— 

— 



4 

1.0 

4.0 

4/4 

3 

1 





4 

0.5 

2.0 

4/4 

2 

2 

— 



8 

0.25 

2.0 

6/10* 

— 

6 

— 



8 

0.125 

1.0 

0/6t 

— 

— 

— 


Oral 

1 

40 

40 

5/G 

3 

2 

_ 



1 

20 

20 

5/6 

2 

2 

1 



1 

10 

10 

4/6 

3 

1 

— 



1 

5 

6 

2/6 

1 

— 

1 




2.5 

2,5 

2/6 

2 

— 

— 



1 

1.25 

1.25 

0/6 

— 

— 

— 


* Two Burviving animals sacrificed on seventh day for hematologic and pathologic 
study; one of pair exhibited severe debilitation and diarrhea. 

t All sacrificed on tenth day for hematologic and pathologic study; at this time the 
weights in percent of initial were as follows: S9, 101, 104, 104, 110, 133. 

were yellowish-brown in color and, terminally, grossly stained with blood. The 
diarrhea persisted as a prominent feature of fatal intoxication in both mice and 
rats and contributed to their dehydrated and depressed appearance at death. 
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, Animals surviving minimum lethal doses exhibited transient retardation in 
growth or actual loss of about 5 per cent of body weight during the first week. 
(Untreated animals of similar age from the same colony gain consistently 1 to 2 
per cent of body weight per day.) Their subsequent recovery was rapid. 

Pathology. The lesions caused by single, fatal doses of 4-amino-PGA were 
studied in rats receiving 40 mgm. per kgm. intraperitoneally. The animals were 
sacrificed at various intervals as noted in table 3 (“acute” group). 

Effects of chronic administration of the agent were observed in a limited group 
of animals receiving either 0.25 or 0.125 mgm. per kgm. per day (PI and PII, 
table 3) and in a larger series of 15 males and 14 females which received the doses 
shown in figure 1 and table 3 (groups I to V). Animals of the latter series were 
sacrificed when they failed to gain or lost weight for at least 4 consecutive days. 


TABLE 2 

Effect of single doses of 4-amino-PGA in mice treated with PGA and PTGA 


TREATED WITH 

DOSE OF 4-amino-PGA 

UORTALny 

PGA* 

tngm./ktm. 

12.5 

15/18 


3.1 

2/18 


1.6 

0/6 

PTGAt 

12.5 

4/6 


6.3 

1/6 


3.1 

3/12 


1.6 

0/6 


* 47 mgm./kgm. administered intraperitoneally once daily at —2, —1,0, 1, and 2 days, 
f 500 mgm./kgm., once daily, as for PGA. 


Only 4 animals of this series, all females, succumbed before sacrifice. The re- 
maining females exhibited signs of poisoning before the end of the first 7 weeks 
and were included among the first 4 groups of animals (groups I to IV, table 3). 
Group V consisted of 8 male rats. Their gain in body weight was not seriously 
impaired until the initial dose had been increased fourfold. 

1) Lesioiis of blood and hematopoietic tissue. The femoral marrow of rats 
receiving 40 mgm. per kgm. was converted from a greyish-red, gelatinous staff 
of material ito a darker, more fluid substance by the twelfth hour after treatment. 
Progressive liquefaction of the marrow occurred until at 72 hours only purple 
fluid could be expelled from the femur. In the peripheral blood marked granulo- 
cytopenia and reticulocytopenia and a moderate lymphopenia developed simul- 
taneously. In table 3 are shown changes in peripheral blood and bone marrow. 
It is evident that within 48 hours erythropoiesis and myelopoiesis were severely 
inhibited. The elevated values for lymphoid cells in the femoral contents taken 
from 48- and 72-hour animals were due to replacement of marrow tissues by 
blo.od. Hemoconcentration became evident at 48 hours when diarrhea first 
appeared. 
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Ill-defined areas of degeneration were observed in sternal and femoral marrow 
as early as 6 and 12 hours after the administration of 40,mgm. per kgm. of 4- 
amino-PGA. After 24 and 48 hours the sinus and capillary network of the mar- 
row became prominent due to depletion in erythro- and myelopoiesis. Between 
48 and 72 hours the hematopoietic tissues largely vanished from the marrow 
leaving a network of capillaries and sinusoids filled with blood. Capillary endo- 
thelial lining and histiocytes were prominent in smears and sections. The re- 
mainder of the original marrow consisted for the most part of eosinophils, mega- 



karyocytes, and a few basophil normoblasts and eiythrohlasts. Pyknosis was 
common in these cells. In the marrow smears lymphocytes were prominent 
due to admixture of peripheral blood since no lymph follicles or aggregations of 
these elements were found in sections. 

In animals receiving 0.25 or 0.125 mgm. per kgm. of 4-amino-PGA daily for 
periods of 5 to 9 days (groups PI and PII, table 3) the hematological changes 
resembled) those described above in the "acute” group 48 and 72 hours after 
poisoning. However, changes in hematopoietic tissues developed less. rapidly 
and were less severe when small daily doses of 0.05 mgm. per kgm. were given 
(groups I to V, figure 1 and table 3). No significant changes were found in 
animals of group I and only one of group II and one of group III evidenced 
marrow depletion. Moderate depletion was found in the 3 animals of group IV. 




TABLE 3 

Hematological data from, rata treated with 4-amino-PQA 
(Number of animals used indicated in brackets) 
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However, animals of group V within 9 days after elevation of daily dosage from 
0.05 to 0.1 and 0.2 mgm. per kgm. showed advanced changes in blood and marrow 
consistent with the lesions found in the “acute’' animals and in groups PI and 
PH. 

2) Lesions of the inlestinal iracL All animals had a natural oral mucosa and 
esophagus. However, the stomach and intestinal canal were filled in most 
cases with a yellow-brownish fluid and were often distended. Parts of the colon 
and rectum were spastically contracted. The fluid found in the gastro-intcstinal 
tract was a transparent, viscid material, almost gelatinous in early stages but 
later more watery and plasma-likc. Only in later stages were leucocytes and 
blood present. 

Microscopic examination of tissues from small and large intestines, talccn from 
animals as early as G and 12 hours after injection of 40 mgm. per kgm. of 4-amino- 
PGA, revealed venous hyperemia and marked dilatation of capillaries and venules 
in mucosa and submucosa. As a result the distal ends of villi were distended. 
Plasma extravasation was evident in the submucosa between the dilated vessels 
and the epithelium. The epithelium was enlarged partly by cytoplasmatic 
vacuolation. In some instances it had desquamated permitting plasma and 
lymph to flow into the lumen. After 24 and 48 hours these phenomena were 
more pronounced. Both surface and crypt epithelium showed, in addition to 
marked enlargement and vacuolation, extensive desquamation associated with 
rapid, often abnormal, regeneration of cells containing atypical, giant nuclei. 
Infiltration of villi and subraucosa ■with neutrophils, lymphocytes and eosinophils 
beganat24 hoursand, thereafter, increased progressively. Many polymorpbonu- 
clears mixed with desquamated epithelium could be found forming plugs in the 
crypts and were still present at a time when the marrow was almost completely 
free of granulocytes. After 72 hours both the small and large intestine showed 
extensive broadening and apparent shortening of villi or plicae due to extensive 
leucocytic infiltration, hyperemia, and edema. There were also small areas of 
fresh hemorrhages due to loss of the superficial parts of plicae. 

In animals poisoned by chronic administration the extent of damage to the 
intestinal tissues paralleled the findings in bone marrow. Thus, groups PI 
and PII exhibited intestinal changes like those seen in animals of the "acute” 
group. Intestinal lesions were absent in Group I and only one of each of group 
II and III exhibited characteristic, early changes. Marked intestinal edema, 
desquamation of mucosa, and infiltration of leucocytes were noted in group IV. 
Finally, intestinal tracts of animals of group V were indistinguishable from those 
of experimental animals 72 hours after receiving 40 mgm. per kgm. 

3) The lymphoid system. By the second and third days after the dose of 40 
mgm./kgm. lymph nodes of the axilla, groin, and mesentery as well as lymph 
follicles of the spleen and lymph placqucs of the intestine decreased moderately 
in size. At the same time a decreased number of lymphocyteswas found in the 
circulation. Such changes might be related to migration of lymphocytes into 
the wall of the gut where they were found in abundance. It is pertinent to note 
that, wdth the exception of cortical pyknosis of the thymus in rats 48 and 72 hours 
after 40 mgm./kgm., necrotic changes in lymphoid tissues were not observed. 



310 


FREDERICK S. PHILIPS AND JOHN B. THIERSCH 


The^feiatiVely moderate effect on lymphoid tissues is one of the outstanding dif- 
ferences between the actions of 4-amino-PGA and those of nitrogen mustard (15). 

'4) ■ Other lesions. Apart from the lesions described above, a general venous 
congestion of all internal organs was noted. 

5) Cffniplications. In five per cent of rats receiving 4-amino-PGA by chronic 
administration, salmonella infections altered the typical course of poisoning. 
After gut lesions were established, an ascending infection took place with enlarg- 
ment of the mesenteric lymph nodes, abscess formation, multiple fibrinoid ne- 
crosis in liver, spleen, kidney and lung, bronchitis and bronchopneumonia. 

Discussion. The derangements produced in rats by 4-amino-PGA include 
failure to gain weight, hypoplasia of bone marrow, and edema of the intestinal 
tract associated vdth desquamation and diarrhea. Each of these changes is 
found in folic acid deficiency and their combined appearance forms the classical 
syndrome (1). Nitrogen mustards and x-rays also produce lesions in bone 
marrow and intestinal tract but at the same time damage severely all lymphoid 
tissues." However, the fact that 4-amino-PGA has a more selective action in 
erythro- and myelopoietic tissues by comparison with its effects on lymphoid 
tissues is consistent again with the s 3 mdrome of folic acid deficiency (16). More- 
over, intestinal changes following 4-amino-PGA and nitrogen mustard differ. 
Following fatal poisoning wdth nitrogen mustard the epithelium of the intestinal 
tract enlarges to a greater extent without desquamation and hyperemia and at 
the same time leucocytic infiltration of submucosa is not as marked as in 4- 
amino-PGA intoxication (17). 

On the basis of the lesions produced by 4-amino-PGA, as described above, 
and its structural similaritj’’ to PGA it is reasonable to conclude that 4-amino- 
PGA acts as an antagonist of folic acid. This conclusion is supported by work on 
the grow'th of Slreptococcm fecalis R (7, 9, 18). However, in mice (7), rats and 
chicks (9) 4-amino-PGA differs from an ideal metabolite-antagonist (5) in that 
its actions are not readily prevented or reversed bj’’ PGA. In this respect 4- 
amino-PGA is unlike x-methyl folic acid which acts as a competitive antagonist 
of PGA in rats, mice, and chicks (3,4). In addition, the speed of onset and sever- 
ity of lesions follow'ing administration of 4-amino-PGA exceeds by far the effect 
obtained with the same x-methyl antagonist. It is also to be noted that stoma- 
titis found in rats receiving the reversible antagonist w'as missing in animals 
given 4-amino-PGA. 

The discrepancies between the actions of 4-amino-PGA and those of an ideal 
metabolite-antagonist might be related to a marked affinity of the potent agent 
for the physiological loci of action of pteroylglutamic acid. On this basis the 
rapid onset and severity of lesions caused by the antagonist could be considered 
to result from an immediate and absolute folic acid deficiency in affected cells 
leading to their rapid degeneration and death. Accordingly the administration 
of folic acid might be relatively ineffective in preventing or reversing the toxic 
actions of 4-amino-PGA. 

The failure to observe oral lesions in rats following administration of 4-amino- 
PGA corresponds to the findings in rats receiving folic acid deficient diets (16). 
However, such lesions are commonly found in patients treated with 4-amino-PGA 
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(11). Moreover, one might speculate that various antagonists of folic acid could 
differ suflBciently in distribution among the tissues of higher organisms such that 
at critical levels of dosage characteristic patterns of response could be expected. 
SUMMARY AND CONCLUSIONS 

1. The toxicity of 4-amino-pteroylglutamic acid (4-amino-PGA) has been 
studied in mice and rats following acute and chronic administration. 

2. The agent was almost as toxic in mice and possibly more toxic in rats when 
given daily in fractions of the lethal dose. 

3. The course of fatal intoxication was not altered by doses exceeding the LDso 
at least tenfold. 

4. The toxicity of 4-amino-PGA w'as reduced to only a limited extent in mice 
by simultaneous administration of large doses of either PGA or pteroyltri- 
glutamic acid. 

5. The syndrome produced in rats corresponded to a folic acid deficiency and 
consisted of loss of weight, hypoplasia of bone marrow, and intestinal lesions mth 
diarrhea. The syndrome was rapid in onset and led quickly to death. 

6. It is concluded that 4-amino-PGA produces an absolute immediate defi- 
ciency of pteroylglutaraic acid (PGA). The affected cells degenerate rapidly, 
which makes reversibility by PGA improbable. Regeneration can be expected 
only from cells relatively insensitive to the actions of the agent. 
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THE PROTECTHTI ACTION OF VARIOUS AGENTS AGAINST 
CHLOROFORM-EPINEPHRINE VENTRICULAR FIBRILLATION 
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The production of fatal ventricular fibrillation in barbitalized dogs under 
chlorofonn anesthesia by the intravenous injection of large doses of epinephrine 
is a well established phenomenon (1). 

It has been reported that certain agents presumed to produce coronary vasodi- 
latation such as quinacrine (1) papaverine (2), or nitrites (3), the intravenous 
administration of procaine (4, 5, 6, 7), quinidine (8), or adrenol 3 rtic substances 
such as priscol (9, 10) and dibenamine (10, 11, 12) are useful in the prophylaxis of 
this phenomenon. 

In the present series 3 groups of agents were tested for their protective influence 
against the chloroform-epinephrine effect on the dog’s heart: a) coronary vas- 
odilators: sodium nitrite (3 dogs), aminophylline (6 dogs), papaverine (3 dogs), 
and quinacrine (2 dogs). 

b) those decreasing myocardial excitability: procaine (11 dogs), quinidine 
sulfate (6 dogs). 

c) adrenolytic agents: priscol (4 dogs), dibenamine (2 dogs). 

The production of ventricular fibrillation is not an invariable result of the 
administration of intravenous epinephrine during chloroform anesthesia to bar- 
bitalized dogs. For this reason, the absence of fibrillation alone cannot be used 
as an index of the protecting properties of the agent administered as a test drug. 

In the present series, 21 dogs manifested ventricular fibrillation following the 
first or subsequent administrations of chloroform-epinephrine. Of these 21 
dogs, 18 (85 per cent) demonstrated a tachycardia with increasing ventricular 
excitability immediately preceding the onset of fibrillation. For purposes of 
this study these changes are considered to represent “prefibrillation” changes. 
To protect properly against the onset of chloroform-epinephrine ventricular 
fibrillation, an agent should prevent the onset of “pre-fibrillation” changes as 
well as fibrillation. 

Method. Medium sized dogs anesthetized with barbital 250 or 300 mgm. per kgm. 
were used. The common carotid artery was cannulated and the blood pressure recorded 
on moving photographic paper by means of a Hamilton optical manometer (13). 

The drug to be tested was injected into an exposed femoral vein, and enough time allowed 
to elapse for the blood pressure and pulse rate to become stabilized following the injection. 
Chloroform was administered by means of a positive pressure anesthetic machine and 
face mask, the rate of flow regulated so as to minimize the fall in blood pressure as much as 
possible. Following 5 minutes of chloroform administration, epinephrine 0.03 mgm. per 
kgm. was rapidly injected into the femoral vein, and the chloroform immediately dis- 
continued. 

Tracings were obtained as follows: at the time the test drug was administered and con- 
tinued until the maximum effect was manifest; at the onset of the chloroform inhalation 
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and at one-minute intervals during chloroform administration; and at the time of epi- 
nephrine injection, continuing until ventricular fibrillation ensued or a definite trend back 
toward normalcy had been established. Control tracings were made prior to the adminis- 
tration of the test drug in each instance. 

The chloroform-epinephrine administration was repeated at regular intervals without 
further administration of the test drug in the majority of the dogs who survived the first 
administration. 

Results. Table I summarizes the maximum rhythm changes produced in 
each dog in the series and indicates the time intervals elapsing between the first 
and subsequent chloroform-epinephrine administrations. 

1. Sodium nitrite, 10 mgm. perkgm. was given to 3 dogs (^16, 17, 18). In 
all cases there was an associated fall in blood pressure, but no appreciable change 
in cardiac rate or rhythm. Following the injection of epinepl^ine to dog ^ IG 
there was no increase in blood pressure but rh>d,hm disturbances appeared as 
demonstrated by complete heart block with idio-ventricular rhythm followed by 
coupled ventricular premature contractions. Normal rhythm was restored after 
4 minutes. The chloroform-epinephrine administration was repeated twice 
with identical results. Dogs ^ 17 and 18 responded to the epinephrine injection 
with an abrupt rise in blood pressure and pulse rate. The tachycardia was 
follo^Yed by increased ventricular irritability in both cases, and dog 17 went 
on to fatal ventricular fibrillation. Dog # 18 returned to a normal mechanism 
after 30 seconds of ventricular premature contractions. Repetitions of the 
chloroform-epinephrine administration to dog ^ 18 up to 60 minutes produced 
similarly bizarre tracings. Neither dog llil 16 nor 18 went into ventricular fibrilla- 
tion on any of the injections. 

2. Aminophylline, 10 mgm. per kgm. was given to 6 dogs producing a fall 

in blood pressure in 4 11, 12, and 13), and a rise in 2 (10 and 14). The 

cardiac rate and rhythm were unchanged. Following the epinephrine injection 
there was an abrupt rise in blood pressure and heart rate in all six. In 2 ( 10 and 
13) the tachycardia proceeded to ventricular fibrillation. In the remainder 
(^9, 11, 12, 14) there were many ventricular premature contractions lasting 
from 2 to 6 minutes. Repetition of chloroform-epinephrine administration to 
dog ii,\2 produced ventricular fibrillation. Repetitions to dogs ^9, 11, and 
14 produced pre-fibrillation changes similar to those following the first adminis- 
tration. None of these 3 dogs developed ventricular fibrillation, even after an 
interval of 1^ to 2 hours following the administration of the aminophylline. 

3. Papaverine, 5 mgm. per kgm. was given to 3 dogs (^20, 21, 22). The 
administration was followed by an increase in pulse pressure due to a fall in 
diastolic pressure in all three. Following the epinephrine injection there was no 
significant rise in blood pressure in any case. Dog H 20 demonstrated a tachy- 
cardia followed by ventricular premature contractions and fibrillation; dog U 21 
demonstrated a tachycardia followed immediately by ventricular fibrillation, 
and dog ^ 22 had coupled ventricular premature contractions followed by fibrilla- 
tion. 

4. Quinacrine, 20 mgm. per kgm. was given to 2 dogs {^21 and 28). In 
both cases there was an associated fall in blood pressure. Following the ad- 
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TABLE I 


Summary of maximum effect on rhythm following chloroform-epinephrine 


DSUC 

DOC 

riBSX CHLOfiOFO£lI*EPlKEPimiNE 
ADMINISTRATION 

SUBSEQUTNT CStOEOrORil-EPINZTHRINE 
ADirmiSTEATIONS* 

No irregu- 
larities 
(protec- 
tion) 

j Pre-fibri!- 
1 lation 

1 changes. 
No fibril- 
lation 

Ventric- 
ular 
fibriila- 
1 tion 

No irregulari- 
ties 

(protection) 

Pre-fibrilla- 
tion changes. 
No fibril- 
lation 

Ventric- 

ular 

fibrilla- 

tion 

Chloroform - epi- 

1 


X 



X 


nephrine alone 

2 



X 




with no protective 

3 



X 




substance 








Sodium nitrite 10 

16 


1 

X 



XX 


mgm./kgm. 

17 



X 





18 

1 

X 



xxxx 


Aminophylline 10 

9 


X 



XX(1) 


mgm./kgm. 

10 



X 





11 


X 



XX (2) 



12 


X 




X(3) 


13 



X 





14 


X 

i 


XXX (4) 


Papaverine 5 mgm./ 

20 



X 




kgm. 

21 



X 





22 



X 




Atabrine 20 mgm./ 

27 


X 



X(5) 

X(6) 

kgm. 

28 


X 




X(7) 

Procaine 20 mgm./ 

4 



X 




kgm. 

6 

X 




XXXX (8) 



7 


X 




X(9) 


15 



X 





29 

X 




X 

X 


30 


X 



X 



31 



X 





32 

i 


X 





33 



X 





34 


j 

X 





5 



X 




Respiratorj' arrest fo 

flowing a( 

iministrat 

ion of pro 

icaine 21 

) mgm./kgm 

I 

;■ 


Quinidine Sulfate 10 

25 


X (3 sec. 





mgm./kgm. 



dura- 








tion) 


X 




26 

X 




XX 



35 


X 




X 


36 

X 





X 


37 

X 




X 



38 

X 



XXXX(IO) 
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TABLE 1 — Concluded 


Dice 

DOG 

rtxsT cBiOKoroui-EnKirauvE 
ADUtmsIKAtlOK 

SCBS£QC£trr CBlOXOrOKU-EnHEPSUKE 
AOUXmSTftATIONS* 

No irregu- 
lirities 
(protec- 
tion} 

pre-fibril- 

lation 

changes. 

No^rU- 

latiott 

Ventric- 

ular 

fibnlia- 

tion 

No irregulari- 
ties 

(protection) 

Pre-fibrilla- 
tion changes. 
No fibril- 
la tioQ 

Ventric- 

ular 

fibrilla- 

tion 

Priscol 10 mgm./ 

24 

X 



lx 



kgm. 

39 

X 



XX 





X 



XX 




42 1 

X 






Dibenamine 20 : 

23 

X 



X 



mgm./kgm. 

41 

X 







• At intervals of 15 minutes unless otherwise specified. 

(1) 20 and 35 minutes after initial administration. 

(2) 20, 90, and 110 minutes after initial administration. 

(3) 20 minutes after initial administration. 

(4) 20, 40, and 70 minutes after initial administration. 

(5) 10 minutes after initial administration. 

(6) 20 minutes after initial administration. 

(7) 10 minutes after initial administration. 

(8) 10, 30, 45, and CO minutes after initial administration. 

(9) 20 minutes after initial administration. 

(10) 15 and 30 minutes, li, 21, and 31 hours after initial administration. 

ministration of chloroform^epinephrine to dog 27 there was no hypertensive 
response, but a tachj'cardia was manifest followed by marked ventricular ir- 
regularity and A-V conduction changes. Repetition of these agents produced 
an abrupt rise in blood pressure, tachycardia, and ventricular fibrillation. Dog 
^28, followng epinephrine, demonstrated a hypertensive response followed by 
ventricular premature contractions, ventricular tachycardia and tachysyetole 
of 12 seconds duration. Ten minutes later, readministration of chloroform- 
epinephrine produced fibrillation. 

5. Procaine, 20 mgm, per kgm. was given to 10 dogs with no associated change 
in rate, rhythm, or blood pressure. Following the chloroform-epinephrine ad- 
ministration there was an abrupt and significant rise in blood pressure in all 
cases. Six of the dogs developed ventricular fibrillation. Dogs ^7 and 30 
developed pre-fibrillation changes, wth return to normal mechanism in 3 and 2 
minutes, respectively. Dogs ^ 6 and 29 responded to epinephrine with a sinus 
tachycardia demonstrating no irregularities in rhythm. Repetition of the chloro- 
form-epinephrine administration to the dogs which had shown pre-fibrillation 
changes ( 7 and 30) reproduced identical changes in $ 30, and produced ven- 
tricular fibrillation in j^7. Readministration of the chloroform-epinephrine to 
dogs that had been protected and 29) produced marked pi-e-fibrillation 
changes, and a third administration to dog resulted in ventricular fibrilla- 
tion. 

Dog was given 25 mgm. procaine per kgm. and immediately after the 
injection died. 
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6. Quinidine sulfate, 10 mgm. per kgm. was given to 6 dogs, and was associated 
with a very slight fall in blood pressure and marked slowing of the rate in all. 
Following the epinephrine injection there was an abrupt rise in blood pressure of 
significant degree, and a rise in pulse rate to appro.ximately the control level. 
There were no rhythm disturbances in 4 of the 6 dogs following the first chloro- 
form-epinephrine administration. Dog 25 showed a very brief run of ven- 
tricular tachycardia lasting for 3 seconds with spontaneous reversion to the 
sinus mechanism. Dog ^35 demonstrated definite pre-fibrillation changes 
following the first chloroform-epinephrine administration. The chloroform-epi- 
nephrine administration was repeated and produced ventricular fibrillation in 
2 cases ( ^ 35 and 36), pre-fibrillation changes in 2 ( 26 and 37), and no rhythm 
disturbances in 2 ( ^ 25 and 38) . It should be noted that dog # 25, which showed 
a 3-second run of ventricular tachycardia after the first chloroform-epinephrine 
administration was protected for the second. Dog ^ 38 failed to show evidence 
of anj’' rhythm disturbances up to 3? hours after having received quinidine. 

7. Priscol, 10 mgm. per kgm. wrns given to 4 dogs with a marked rise in systolic 
pressure and moderate increase in rate. Epinephrine was followed by a slight 
rise in systolic and a significant fall in diastolic pressure, and a tachycardia in all 
cases. There were no irregularities in rhythm. Chloroform-epinephrine was 
repeated at 15 minute intenmls once (^24) or twice 40) with identical 
results. 

Dibenamine, 20 mgm. per kgm. was given to 2 dogs with essentially no changes ' 
in blood pressure and slight slowing of the rate. After an interval of 30 minutes 
chloroform-epinephrine administration produced a tachycardia in both, but no 
rhythm disturbances were noted. Re-administration of chloroform-epinephrine 
after 15 minutes produced identical results. 

Discussion. Of the 14 dogs receiving so-called “coronary vasodilators” 6 
had ventricular fibrillation following the first chloroform-epinephrine administra- 
tion, and the remaining 8 demonstrated pre-fibrillation changes of considerable 
severity. None were protected in the sense of preventing the changes which 
have been seen to immediately precede fibrillation. These findings are at vari- 
ance -with those of Melville (1, 3), who reported protection against chloroform- 
epinephrine ventricular fibrillation with coronarj' dilators. 

The agents in the second group were variable. Procaine protected 2 dogs 
against arrhythmias following the first chloroform-epinephrine administration, 

1 dog died following procaine administration alone, 2 showed marked pre- 
fibrillation changes and 6 manifested ventricular fibrillation. The protection 
of 2 out of 11 dogs, and the death due to procaine of 1 out of 11 dogs indicates 
that procaine is unreliable as a protective agent, findings in agreement with the 
conclusions of Wiggers and Wegria (4), and Nickerson (7), who found procaine 
to be of very little prophylactic value. 

Quinidine sulfate in the dose employed had appreciable protective properties, 
a finding in agreement with Wegria and Nickerson (8). Four of the 6 dogs 
failed to show any of the arrhythmias after the first chloroform-epinephrine ad- 
ministration, which appeared following subsequent administrations in all but 
1 ( j 5?38). One dog (^25) showed only a very transient pre-fibrillation change 
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which reverted to the sinus mechanism after only 3 seconds, changes which were 
insignificant for all practical purposes. Dibenamine and priscol, adrenolytic 
agents, gave complete protection to 2 and 4 dogs, respectively, finding in agree- 
ment with previous reports (8, 9, 10, 12), 

It has been reported pro (14) and con (1, 11) that an abrupt and definite rise 
in blood pressure is essential to the production of this type of ventricular fibrilla- 
tion. Twenty-seven of the dogs showed a rise in systolic pressure in excess of 
20 mm. Hg, 8 of which showed no rh 3 ^hm disturbances. Eight dogs demon- 
strated no appreciable hypertensive response (less than 20 mm . Hg), of which 5 
had pre-fibrillation changes or fibrillation, and 1 dog had a fall in systolic pressure 
(10 mm. Hg) and fibrillated. From this evidence it is apparent that the pressor 
effect of epinephrine is not related to the production of ventricular fibrillation 
during chloroform inhalation. 

SUifMART 

1. Three groups of agents were studied for their prophylactic effect against the 
production of ventricular fibrillation in barbitalized dogs given epinephrine 
during chloroform anesthesia. 

a. So-called coronary vasodilating agents: sodium nitrite, aminophylline, pa- 
paverine, and quinacrinc. 

b. Agents decreasing myocardial excitability: procaine and quinidine sulfate. 

c. Adrenolytic agents: dibenamine and priscol. 

2. Criteria for protection against ventricular fibrillation w’ere defined so as 
to include prevention of increased ventricular excitability preceding fibrillation 
as well as prevention of fibrillation, 

3. Coronary dilating agents afford no protection. 

4. Procaine affords no practical protection. 

5. Quinidine sulfate affords appreciable and consistent protection. 

6. Adrenolytic agents afford complete protection. 

7. A pressor response to epinephrine is not necessary for the production of 
this type of ventricular fibrillation. 
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After tLe administration of morphine vomiting occurs regularly in the dog 
and nausea and vomiting occasionally in man. This action of morphine has 
been demonstrated to be central in origin and the result of a preliminary “stim- 
ulating” action on the vomiting center (1). Not so commonly recognized is the 
fact that after depression of the vomiting center has occurred, the assiunption 
of an upright position may again precipitate nausea and vomiting. This has 
been observed to occur in the human with 0.3 to 0.5 mgm./kgm. of morphine 
(2). The fact that nausea and vomiting did not occur while in the horizontal 
position but that it could be repeatedly produced in the same individual on 
standing suggested the possibility that these phenomena were of circulatory 
origin. 

Methods. Dogs were anesthetized with sodium barbital 250 mgm./kgm. intraperi- 
toneally. The blood pressure was obtained from the right carotid artery using an optical 
manometer (3) and blood flow to the leg or head was measured with a Gregg-Shipley rotame- 
ter (4) . Chlorazol Fast Pink, 2 cc. of an 8 per cent solution per kgm. was used as the anti- 
coagulant. For controls, simultaneous blood pressures and rate of flow were determined in 
the horizontal position and then the head or legs suddenly raised to an angle of approxi- 
mately 45°. The drug was then given either intra-arterially (i.a.) into the distal arm of 
the flow meter or intravenously (i.v.) into the femoral vein and at varying intervals up to 
two hours blood flow and pressures were obtained in the horizontal position and at a 45° 
angle. In every dog but two, only one drug was used. The use of morphine after codeine, 
(LF 5), and after dilaudid, (LF 8A), were the two exceptions. 

Results. The elevation of either the head or hind legs of the dogs to a 45° 
angle during the control period had no detectable effect on either blood pressure or 
flow. 

Morphine and codeine in the concentrations used when administered i.a. 
produced a marked increase in flow usually followed by a drop in pressure in 
both the head and leg regions. In measurements of head flow for example: 
codeine 0.1 mgm./kgm. increased the flow by 21 cc. and lowered the pressure 
from an average of 181/143 to 178/140 for about a minute and a half. This 
drop in pressure, while small occurred in all dogs receiving codeine. Morphine, 
0.1 mgm./kgm., produced a greater increase in flow and fall in pressure than did 
codeine. The flow increased to a maximum of 27 cc. and the pressure fell to 
143/98 from 190/148. The pressure with both morphine and codeine returned 
to the original level in 2-3 minutes. The flow returned toward normal in about 
the same period of time although in a few dogs the flow remained at a level of 
from 5-10 cc./min. above the control level for varying periods up to an hour. 
The same general response was observed with the leg although the absolute flow 

318 



FLOW EFFECTS OP MORPHINE, CODEINE, DILAUDID 


319 


of course was less. The blood pressure and flow response to 0.01 mgm./kgm. of 
dilaudid is more like codeine. The drop in pressure is even smaller or may not 
occur and the increase in flow less, the increase averaging 10 cc. and lasting 
about a minute to a minute and a half. 

Tables I and II show clearly that with morphine, but not with codeine or 
dilaudid, there is a significant drop in flow to either the head or leg region if 


A 8 


MORPHINE 





DILAUDID 


Fig. 1. A, Conthol, Dog in Horizontal Position. B, Head Elevated 45“. C, Re- 

TUKNED TO HORIZONTAL 

that part is elevated 45®. Dog HF 17 was the sole exxcption. The decrease in 
flow occurs whether the morphine is given i.a, or i.v. Further, once this response 
becomes evident, increasing the amount of morphine administered does not in- 
crease the drop in flow. With dog HF 11a drop in flow of 13 cc./min. occurred 
with 0.1 mgm./kgm. and after 0.3 mgm./kgm. the decrease in flow was still 13 
cc./min. Typical results are shoivn in fig. 1, 

Lastly, dog LF 8A after receiving dilaudid with no apparent elTcct of blood flow 
on elevation was given 0.1 mgm./kgm. of morphine, and on being raised 45® 
there was an immediate drop in flow of 19 cc./min. The same thing was ob- 
served with dog LF 5 who had leceived 1 mgm./kgm. of codeine and then 0.1 
mgm./kgm. of morphine. The blood flow Avas reduced by 8 cc./min. 



TABLE I 
Head flow—cc./min. 


DOC 

DRUG 

DOSE 

I CONTROL 

i 

RAISED 45® 

HORIZONTAL 



mgm./hsm. 




HE 8 

Morphine 

0.1 

102 

71 

99 




99 

08 

98 

HE 9 

Morphine 

0.3 

46 

30 

50 




50 

40 

49 

HE 10 

Morphine 

0.1 

27 

23 

30 

HE 11 

Morphine 

0.1 

57 

44 

GO 



0.1 

64 

• 34 

67 



0.1 

60 

47 

67 

HE 17 

Morphine 

0.5 

60 

58 

60 

HE IS 

Morphine 

0.1 

64 

56 

64 



0.1 

72 

56 

73 


i 


90 

86 

94 



0.3 

62 

54 

68 




64 

58 

60 

HE 12 

Codeine 

0.1 

50 

46 

46 


1 


38 

41 

38 



0.1 

64 

60 

67 

HE 12A 

Codeine 

1 

32 

30 

36 

HE 15 

Dilaudid 

C.Ol 

78 

79 

79 



0.01 

82 

SO 

81 

HE 16 

Dilaudid 

0.01 

68 

66 

68 

HE IGA 

Dilaudid 

C.Ol 

. 69 

70 

70 


TABLE II 
Leg flow — cc./min. 


DOC. I 

DRUG 

1 

DOSE 1 

CONTROL 

RAISED 45® 

HORIZONTAL 

i 


mgtti./kgm. 

i 



LE 3 

Morphine 

0.1 

30 

14 

29 




34 

23 

28 

LE 4 

Morphine 

0.1 

31 

22 

30 




30 

21 

29 

LE 4A 

Codeine 

1 

35 

34 

36 

I.E 5 

Codeine 

1 

24 

22 

25 

i 

Morphine 

0.1 

26 

IS 

24 

i 

LF S 1 

Dilaudid 

0.01. 

59 

. : . 56 

61 




51 ' 

**1 

55 







LE SA 

Dilaudid 


62 ' 


60 




5 

- 

74 
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In the majority of dogs there was no effect on Wood pressure when the flow 
decreased. A few showed a slight increase or decrease in blood pressure but 
never more than 3-4 mm. Hg. 

Discussion: ' 

That morphine has an antiemetio effect in dogs has been shora by Leake (5). 
In demonstrating this action, doses between 6 and 10 mgm./kgm. were used while 
the dosage range in these experiments was between 0.1 and 0.5 mgm./kgm. The 
antemetio action of morphine does not occur within the dosage range used here. 

These data suggest that morphine interferes with the vascular compensator}' 
mechanism that normally insures an adequate cerebral blood flow during postural 
changes. This inhibition only becomes evident on elevation of the dog and is 
shown by the inability of the circulatory system to compensate for the change in 
position and the result is a reduced flow to the elevated part. With the reduced 
minute volume occurring with morphine and the drop in flow which occurs if the 
head is elevated the anoxia resulting might be sufficient to “stimulate” the 
vomiting center. 

It would be expected, if this is true, that dilaudid and codeine would be less 
likely to produce vomiting because the vasoconstrictor center is not inhibited 
as shown by the ability of the eirculatory system to maintain flow to the elevated 
part. 


S05BUIIT 

1. Elevation of the hind legs or head of a dog to 45° after the administration 
of morphine causes a significant reduction in blood flow to the part raised. 

2. Morphine may produce a partial inhibition of the vasoconstrictor center. 

3. Codeine and dilaudid lack this effect. 

Acknowledgement This investigation was added by a grant from the Bilhuber- 
Knoll corporation. 
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Certain inherent disadvantages are common to all of those few barbiturates 
(Evipal, thiopental, Thioethamyl, Kemithal) which are detoxified with sufiicient 
rapidity to maJce them useful for intravenous administration as anesthetic agents. 
Outstanding among these disadvantages are: (a) detoxication mechanisms be- 
come saturated if anesthesia is prolonged, so that these agents soon cease to 
retain their short acting characteristics and cumulative effects are noted; (b) 
certain reflexes, notably those having to do with the larynx, persist and are 
troublesome even in deep anesthesia; (c) respiration is very often seriously de- 
pressed; (d) these compounds, as is common to all barbiturates, lack the capacity 
to block specifically the central thalamic reception of painful stimuli; (e) it is 
generally believed that these compounds have an adverse effect upon cardiac 
activity. 

The present study (1, 2, 3) is in search of an agent which might possess advan- 
tages over those compounds now in common use, particularly thiopental (Pen- 
tothal). 

After a preliminary sun^ey of several compounds which were made available 
to us by Dr. ByT\-ater of the Parke, Davis and Company Research Laboratories, 
three were selected for further evaluation: sodium 5-allyl-5-(l-methylbut3'l)' 
2-thiobarbiturate (Surital), sodium 5-ethyl-5-isoamyl-2-thiobarbiturate (Thio- 
ethamyl), and sodium 5-isopropyl-5-(2-methyI-2-pentenyl)-2-thiobarbiturate 
(B-10). See table I, 

Method. With the e.xception of thiopental, which was used as the commercial sodium 
salt, these compounds were obtained as the acids and dissolved by neutralization with 
equivalent amounts of sodium hydroxide and buffered w'ith fifty mgm. of sodium carbonate 
per gram of acid. Solutions of these various thiobarbituratcs were used in concentrations 
between 0.75 and 5.0 per cent, calculated as acid weight. 

In all experiments, except for the laryngeal spasm studies carried out on cats, the dog 
was used as the experimental animal. Administration in all instances was by vein and 
injection was made at a constant and uniform rate. Careful observations of the signs of 
anesthesia were recorded. The duration of anesthesia was arbitrarily fixed as the time 
from the onset of unconsciousness until the animal was able to stand erect when stimulated. 

In the initial experiments all compounds were administered at a dose of 25 mgm.A'E®- 
Sodium Thioethamyl was repeated at 50 mgm./kgm. because of its ineffectiveness at the 
lower dose level. Sodium B-10, being more potent, was used at a dose of 12.5 mgm./kgm. 


’ Supported by a grant from Parke, Davis and Company, Detroit, Michigan. 

’Present address, Department of Medicine, Massachusetts General Hospital, Boston, 
Mass. 

’ Present address. Division of Anesthesiology, Mayo Clinic, Rochester, Minn. 
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After evaluation of the potency at the same dose level, namely 25 mgm./kgm., sodium thio- 
pental and sodium Surital were administered to dogs in their respective ratios of potency, 
namely 1.0 to 1.5. The doses used were 10 mgm./kgnj. for Surital and 15 mgm./kgm. for 
thiopental. 

In order to evaluate the' cumulative potentialities of these thiobarbiturates, small doses 
of each compound were injected at hourly intervals. Dosage of the several drugs was 
adjusted to produce approximately the same duration of anesthesia with the first injection. 

The effect of three thiobarbiturates, Surital, Thioethamyl, and B-10, upon the laryngeal 
reflex of the cat was determined according to the method of Burstein and Rovenstine (4). 
An attempt to produce laryngeal spasm in the dog by rectal dilatation was unsuccessful. 

Results. Qualitxj of Anesthesia, Thiopental produced a smooth, rapid in- 
duction rarely accompanied by signs of stimulation or excitation. Satisfactory 
surgical anesthesia ■was produced t^dth doses of 15 to 25 mgm./kgm. Emergence 
was fairly prompt and usually unaccompanied by excitation. 

Surital effected an equally smooth induction, perhaps more rapid and with 
fewer signs of excitation. Doses of 10 to 20 mgm./kgm. resulted in good surgical 


TABLE I 

ThioharhHurie acid derivalives 




Ri 

Ri 

h-n-c=o 

Thiopental 


-CH{CH,)-CHi-Cni-CHi 

L 

Surital 

-CIIt-Cn=CHi 

-CH(Cnj>-CH»-CHt-CHi 

s=c cc 

Thioethamyl 

-ClIj-CRj 

-Cnr~CHt-CH(CH»)! 

1 1^. 

n-N-c=o 

B.IO 1 

-CH(CH,)-CHi 

-CHj-C(CHi)=!CH-CHi-Cn* 


anesthesia. Emergence was similar to that observed with thiopental but was 
somewhat more rapid.. 

With Thioethamyl induction was characterized by more marked and frequent 
stimulation as compared with thiopental and Surital. In addition Thioethamyl 
did not produce satisfactory muscular rela.\ation and emergence was slow with 
prolonged drowsiness and muscular weakness. 

B-10 produced an undesirable amount of stimulation during induction although 
the type of anesthesia was quite adequate. Emergence was rapid, but the 
animals frequently showed much stimulation, irritability and excitation which 
often persisted for fifteen to thirty minutes. 

Anesiheiic Potency. The essential data concerning the duration of anesthesia 
with a given dose are showm in tables II and III. The approximate ratio of 
potency (thiopental = 1) of the four thiobarbiturates studied is thiopental, 
1.0; Surital, 1.5; Thioethamyl, <0.5; and B-10, >1.5. 

Cnviulaiivc Effect. Table IV compares the cumulative effects of the four 
thiobarbiturates. Injections were stopped when one or more dogs in any one 
series showed a duration of anesthesia exceeding sixty minutes. In each series 
every injection produced anesthesia of longer duration than the previous injec- 
tion. Thioethamyl produced the most marked cumulative effect, followed by 
thiopental and lastly by Surital and B-10. Figure 1 depicts graphically the 
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increases of duration of anesthesia over those of the initial injection. A statis- 
tical analysis of the differences in third hour durations (followng the fourth 
injection) is shown in table V. 

Laryngeal Spasm. All four thiobarbiturates produced sneezing, hiccoughing, 
and coughing (supposedly characteristic of laryngeal spasm) in cats to much the 
same degree. There does not seem to be any apparent advantage in the use of 
one particular drug. 


TABLE II 

Durations of anesthesia 


DRUG 

CONCEN- 
TRATZOSf CP 1 
SOL’N 

DOSE (AOD 
WT.) 

i 

NO. or 

DOCS ' 

AV. WT. or 
DOCS 

UEAK 
DUKAIION 
or ANES- ■ 
THESIA 

S.E.jf 1 

1 

Vaide 



itigtn./igm. j 






Sod. thiopental 



22 

8.8 

74.4 

7.1 

10.47 

Sod. Surital 



24 

9.8 

132.2 


12.12 

Sod. Thioethamyl 



5 

8.9 

15.4 

4.7 

3.27 

Sod. Thioethamyl 

5.0 


5 

10.3 

94.2 

18.9 

4.98 

Sod. B-10 

2.5 

12.5 

8 

11.7 

58.5 

8.1 

7.22 


* Artificial respiration was necessary with a few animals to carry over an initial period 
of apnea. 


TABLE III 

Quality of anesthesia under equivalent doses of thiopental and Surital 


DRUG ^ 

CONC. or 
sol’n 

! 

DOSE 

(AOD 

■WT.) 

NO. or 
DOGS 

AV. DURA- 
TIONOr 
COKNEA2. 
AREFLEX- 
lA 1 

AV. DURA- 
TION or 
ANES- 
THESIA 

COHMENTS 


% 



min. 

min. 


Sod. thiopental . . . 

3.0 


8 

8.5 

26.0 

Some restlessness on indue- 



1 10,0 




tion and emergence 


2.0 

1 

8 

7.3 

26.6 

No stimulation. Emergence 
and induction more rapid. 



i 

1 





The quality and depth of 
anesthesia equal 


Discussion. The quality of anesthesia following intravenous administration 
of Surital in dogs is as satisfactory as that obtained unth thiopental. As a 
result of undesirable reactions during induction and emergence Thioethamyl 
and B-10 are much less suitable for intravenous anesthesia than either thiopental 
or Surital. In addition, as will be discussed in subsequent paragraphs, Thio- 
ethamyl requires a larger dose because of its low level of potency and exhibits a 
marked cumulative effect. 

A comparison of potency based on the duration of anesthesia assigning thio- 
pental a value of 1.00 shows Surital vdth a potencj’’ of about 1.5 and Thioethamyl 
<0.5. Kelly, Shideman and Adams (5) observed results which were of the same 
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general order when the blood level at the time of return of righting reflexes was 
used as an index of potency; Surital having a value of 1.39 and Thioethamyl 


0.57. 


TABLE IV 

Comparative cumulative action of four thiobarbiluraies as measured by increases in 
duration of anesthesia following administration of each compound in 
fixed dosage at hourly intervals. 


Increment in duration of anesthesia is expressed as percentage of initial anesthesia time. 







. DOSATIOK or AMTSTHESIA 


ORCG 

(acid 

m.) 

KO.OT 
' DOGS 




Hour 







0 

1 

2 

3 

4 


ngm./ 

ktm. 








Sodium thlopeat&l 

7.5 

12 

Minutes: 

Per cent of 
O-bour 
time .... 

7.6 ± 1.1 

1 

100 

14.8 d: 2.0 

105 

31.5 ± 2.3 

414 

78.3 d: 8.1 

1020 d; 106 
{‘value *• 8.6) , 


Sodium Surital 

6.0 

1 

10 

Minutes: 

Per cent of 
O'hour 
time .... 

6.8 d: 1.0 

100 

6.6 ^ 1.1 

112 

11.3 ± I.S 

105 

22.5 d; 3.8 

386 d: 64 
(‘value - 6.0) 

41.6 ± 9.3 

716 


12.S 

6 

Minutes: 

Per cent of 
0-hour 
time 

2.4 ^ .24 

100 

8.4 d; 1.2 

350 

28.8 ds 4.5 

1200 

67.4 d: 8.7 

2S08 ± 474 
(‘value ■> 5.8} 


Sodium B'lO 

3.75 


SUnutes: 

Per cent of 
0-hour 
time. ... 

6.3 ± 1.1 

' 100 

10.1 ± 2.4 

160 

23.6 ± 7.2 

35S 

33.0 d: 5.7 

623 d: 81 
(‘value - 6.4) 

45.6 d: 8.8 

722 


TABLE V 


Statistical significance of (he differences in third hour durations of anesthesia on basis of 
comparison of per cent increases of the third hour values over the 0*ftowr values 


DRUG 

SOD. FEKTOTHAL 

S. SVUTAt 

S. TEIOETEAUYL 

SJB.-IO 

Sod. Thiopental 


6.16 

3.65 

3.77 

Sod. Surital 

5.16* 

— 

5.06 

1.32t 

Sod. Thioethamyl 

3.65 

5.06 

_ 

4.74 

Sod. B-IO 

3.77 

1.32t 

4.74 

— 


* All values are ‘values of the differences between respective means, 
t The Sod. B-10 and Sod. Surital series’ differences are not statistically significant. 


From an inspection of figure 1 and table IV it is quite apparent that Surital 
exhibits a lower rate of accumulation than either thiopental or Thioethamyl. 
This is undoubtedly due to the greater inherent potency of Surital since as shown 
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by Kelly et ah, (5) tbe shape and slope of the blood level curves for all three 
drugs is similar indicating that the body detoxifies each compound at the same 
rate irrespective of its absolute potency as an anesthetic. The rate of cumulation 
is undoubtedly a function of the total dose administered, the more potent drugs 
requiring a smaller dose and hence a shorter time for detoxication. In addition, 
there may be degradation products which may either interfere with detoxication 
or possess a depressant action in their own right. Recently Shideman, Kelly 
and Adams (6), using the spectrophotometric method, followed blood levels 



Fig. 1. CDironA.TivB Action of Hotolt Injections 
The time values on the abscissa represent the hour on which the injections were admin- 
istered. Doses administered each hour are listed in table IV. 


of thiopental in dogs receiving repeated doses of the drug at short intervals. The 
plasma level at which the righting reflexes returned was higher with each succes- 
sive dose. This would indicate the development of an acute tolerance. How- 
ever it is possible that degradation products, in addition to thiopental, were 
measured by the method and that as more and more breakdown products ac- 
cumulated “apparent” higher values for thiopental were observed. 

In conclusion it may be stated that Surital possesses certain advantages over 
some of the other more common intravenous anesthetic agents. It exhibits 
high potency, rapid induction and emergence with a few signs of stimulation, 
and produces satisfactory muscular relaxation. Respiratory depression is no 
greater than that observed with thiopental -when both are given in equivalent 
anesthetic doses (3). The lower doses necessary with Surital should place less 
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strain upon detoxication mechanisms, allow for shorter post-operative sleepmg 
time, and reduce’ the cumulative effect. Finally Surital shows low cardiac 
toxicity (3). ' ” . ' 

STOQURY 

The anesthetic properties of four thiobarbiturates, thiopental, Surital, Thio- 
ethamyl, and B-10, were compared in dogs. The quality of anesthesia was most 
satisfactory with Surital and thiopental. The ratio of potency, based upon the 
duration of anesthesia and using thiopental as a standard of 1.0, was Surital 1.5, 
Thioethamyl, <0.5 and B-10, >1.5. 

Surital exhibited considerably less cumulative effect than either thiopental 
or Thioethamyl and possesses other characteristics noted above which indicate it 
to be worthy of clinical trial. B-10 showed cumulative action of much the same 
degree as Surital but because of undesirable side-reactions was not considered to 
be a good intravenous anesthetic agent for the dog. 

Based upon these observations, and the assumption that all thiobarbiturates 
are detoxified in a similar manner, it seems clear that further work should center 
on a search for a more potent agent in order to permit a greater duration of 
anesthesia without serious cumulative effects. 
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CARDIOVASCULAR TOXICITY OF THIOBARBITDRATES: COMPAR- 
ISON OF THIOPENTAL AND 5-ALLYL-5-(l-METHYLBXJTYL)-2- 
THIOBARBITDRATE (SURITAL) IN DOGS^ 

L. A. WOODS, J. B. WYNGAARDEN,= B. RENNICK, and M. H. SEEVERS 
Deparlmenl of Pharmacology, University of Michigan, Ann Arbor 

Received for publication November 10, 194S 

Evidence and opinion is divided as to the primaiy cause of death from thio- 
barbiturates. It is well established, of course, that both thiobarbiturates and 
their oxygen analogues can produce respiratory failure. Certain investigators 
believe that thiopental (Pentothal) and other similar derivatives possess a pri- 
mary cardiotoxic action sufficient to cause death. This belief is predicated upon 
evidence obtained from the dog as follows: (a) additive toxic effects mth digitalis 
(1); (b) sudden fall in arterial pressure and appearance of ectopic beats (2); 
(c) conduction disturbances with cardiac arrythmia (3). Other investigators 
have been unable to establish a primary cardioto.xic action of thiobarbiturates. 
For example, Kohn and Lederer (4) found that thiopental did not produce pri- 
mary cardiac death or ventricular fibrillation in the dog. They attributed all 
deaths to respiratoiy failure. Betlach, worldng vdth dogs (5), and Volpitto and 
Marangoni (6) in humans, found no significant changes in the electrocardiograms 
under thiopental anesthesia. 

In view of the contradictory nature of previous studies, the experiments 
described herein (7) were designed to obtain if possible a definitive answer to this 
question by determining the dii'ect cardiovascular to.xicity of two thiobarbitu- 
rates by (a) means of the Starling heart-lung preparation, (b) comparison of lethal 
doses and t}q)es of death in animals spontaneously respiring with others respired 
artificially in order to control the factor of anoxda. 

A. Heart-hung Preparation. Ten experiments were performed using the Kraycr-Mendez 
(S) modification of the Patterson-Stariing heart-lung preparation, with the exception that 
the venous inflow pump and coronary artery cannula were not used. Also the Stolnikow 
stromuhr was employed instead of the Weese variety. The cardiac output and arterial 
resistance were adjusted at the outset to give a standard work value for all experiments. 

Both thiopental and Surital were employed as the sodium salts in one per cent solution 
(acid weight). All injections were made into the superior vena cava. In a given experi- 
ment two and one-half cc. (25 mgm.) of the given tbiobarbiturate were injected every fifteen 
minutes until failure ensued. Also, for purposes of direct comparison in the same prepara- 
tion, in most e,xperiments one (1) injection of the alternate tbiobarbiturate was substituted 
for one of the drug being principally studied. 

Continuous measurements of right auricular pressure, arterial pressure, and heart volume 
were recorded on the kymograph drum. Periodic measurements of the cardiac output (left 
ventricular output minus the coronary artery flow), and heart rate were recorded. 

Increased right auricular pressure and decreased cardiac reserve wore used as criteria 
of heart failure. 

’ Supported by a grant from Parke, Davis and Company, Detroit, RGchigan. 

’ Present address: Department of Medicine, Massachusetts General Hospital. 
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B. Intact Animal Experiments, Twelve experiments were carried out in dogs to evaluate 
the response of the cardiovascular system to thiopental and Surital. In all preparations 
arterial pressure was recorded from the carotid artery, and the trachea was cannulated to 
facilitate respiration. Injections were made into the femoral vein. Electrocardiographic 
records were obtained in several experiments. The animals were anesthetized using a 
minimum amount of the particular thiobarbituratc to be studied. 

Six of the twelve animals were studied under spontaneous respiration and in these ab- 
dominal and thoracic pneumographic tracings were recorded. The other six dogs were 
respired artifically with positive intratracheal insufilation. 

Thiopental and Surital were used as the sodium salts both with intermittent injection 
at regular intervals and also continuous intravenous infusion. The drugs were used in 
amounts inversely proportional to their anesthetic potency (9), i.e., 1.6 times as much 
thiopental, by weight or concentration, as Surital. 

Results. A. Direct Cardiac Effect. (1) Acute riseinright auricular ’pressure. 
One of the actions of these drugs measurable in the heart-lung preparation is the 
rise in right auricular pressure immediately following the injection of the drug 
into the superior vena cava. This increase in pressure extends over a period of a 
few seconds to a few minutes. The right auricular pressure, following the 
acute rise, dropped but usually did not reach' the pressure level before the injec- 
tion. Occasionally with Surital, a fall below the initial level followed the acute 
rise in pressure. In one instance there resulted only a drop in auricular pressure. 
One injection of the alternate drug, Surital, was carried out in the five experi- 
ments of the thiopental scries and one injection of the alternate drug, thiopental, 
was made in each of two of the experiments of the Surital series. For each series 
there is plotted in figure 1 the average acute right auricular pressure rise in mm. 
against the number of injections. The alternate drug is represented by a separate 
point. It was thus possible to compare responses of the same heart-lung prepara- 
tion to each drug. Whether one injection of Surital is given in a series of thio- 
pental injections or thiopental is given in a series of Surital injections, the acute 
right auricular pressure rise produced by Surital is less than that produced by 
thiopental, and occasionally Surital produced a fall in pressure on its first few 
injections. 

(2) Detrcase'd'cardiac reserve. The normal’heart-lung preparation responds to 
increased cardiac load (elevation of the venous blood reservoir) with increased 
cardiac output with the result that there occurs only a slight increase in right 
auricular pressure. The term cardiac reserve is frequently given to the capacity 
of the heart described above. Thus decreased cardiac reserve is measurable by 
recording the greater increase in right auricular pressure in response to elevation 
of the venous blood reser\*oir. 

Right auricular pressure responses to increased cardiac load w'ere analyzed in 
the following manner: 

Index of cardiac reserve (ICR) 

— ^svation of reservoir (mm.)' — Rt. auric, pressure rise (mm.) 

Elevation of reservoir (mm.) 
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The theoretical 100 per cent cardiac reserve would be present only if the elevation 
of the venous blood reservoir produced no rise of the right auricular pressure. 
Since such a rise always occurs, the control ICR was equated to 100 per cent reserve 
for that particular preparation, and subsequently determined ICR values were 



NUMBER OF INJECTION 

Fig. 1. Acute Cabwac Toxicity of Suhitai, and Thiopental 
Points on the curves represent average immediate right auricular pressure responses to 
injections of the respective drug. The open triangles represent responses to substituted 
injections of Surital in the pentothal series. _ The open circle represents the responses to 
substituted injections of pentothal in the Surital series. The figures in jiarentheses rsE®' 
sent the number of substituted injections whose average gave the point plotted. The 
points not thus marked represent one determination. 


compared with this value in per cent of the initial control ICR figure. Thus, 
the per cent reserve equals (Determined ICR -f- Control ICR) X 100. The 
theoretical number of injections (see table I) required to produce 50 per cent 
cardiac reserve in each heart-lung preparation was determined from figure 2, A and 
B. From the number of injections the weight in mgm. of the drug required to 
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TABLE I 


Comparison of cardioioxiciiies* of thiopental and surital in hcart4ung preparaiton 




NO. or INJ. 

(25 UCU. EA.) 
XEQUISED TO 

rsoDctx 5Qfo 

REDUCTION Of 
CASDtAC 
KESESVE 

WEICHT OP 
VENTEICIES 
(UNCOSE.) 

DOSE AT 50% 


*VALUE op: 

astro 

£X]>£S. 

NO. 

&EDUCT10N IN 
UCU /CRAU Of 
VENTUCLE 

UEAN DOSE 
drSJ:.Ei 

Mean 

Difference 
of means 




gremi 





Surital 

I 

5.61 

Sl.O 

1.73 





II 

10.55 

87.0 

3.03 





III 

4.30 

61.0 

1.76 

1.85 ±0.31 

5.97 



IV 

4.52 

76.5 

1.48 





V 

4.90 

95.2 

1.20 



1.11 








Pentothal ' 

I 

5,60 

g3.9 

1.67 





II 

6.05 

81.0 

1.86 





III 

3.30 

87.0 

0.94 

1.47 ±0.16 

9.19 



IV 

4.60 

85.8 

1.34 





V 

4.00 

66.1 

1.53 





* As determined by right auricular pressure rises unth successive injections. 



NUMBER OF INJECTION 

Fio. 2. Rates of Impairment of Cardiac Reserve of Hearts under Surital and Thio- 
pental, ON Basis op Right Auricular Pressure Increase 
Each HLP response is plotted: in Figure 2A, the five HLPs given Sodium Thiopental, 
and in Figure 2B, the five HI — q— mv. , „ , 


might be obtained. 
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Those animals which were maintained under artificial respiration tolerated 
one and one-half to three and one-half times the amount of either Surital or 
thiopental that was tolerated mthout artificial respiration. 

Discussion. Based upon obseiwations in the heart-lung preparation Surital 
is perhaps less to.xic, but certainly no more to.xic in the absolute sense, than 
thiopental. This is in spite of the greater anesthetic potency of Surital, requiring 
onlj>- about two-thirds as much in quantity to produce a similar level of anesthesia. 
The ability of these two thiobarbiturates to produce cardiac failure is not 
markedly greater than mth. the oxygen analogues (11). Pentobarbital produces 
heart failure in the identical type heart-lung preparation in dosages comparable 
to those described herein. 

It is of major interest to Imow whether death of the intact animal under 
tliiobarbiturate is respiratory (anoxic) or cardiac (direct toxicity). From the 
accompanying tables and description of results it can be concluded that the 
animal under artificial respiration is capable of tolerating much larger amounts 
of the thiobarbiturates than under spontaneous respiration. Also the course of 
death is somewhat different. With spontaneous respiration there are frequent 
arrhjrthmias, and finally there results respiratory arrest followed by a sudden 
drop in blood pressure and cessation of heart beat. Under artificial respiration 
after a long period of normal pressure, the blood pressure slowly declines until 
shock levels are reached and death soon ensues. Abnormal electrocardiographic 
changes rarely occur e.xcept as a terminal event. This slow decrease in blood 
pressure may be due either to a peripheral vascular collapse resulting from direct 
drug toxicity or paralysis of the medullary vasomotor centers. Perhaps the 
former is the more important. 

It is apparent, therefore, that respiratory failure is the primary cause of death 
in the intact dog. Most, if not all, of the cardiac abnormalities are due to a 
progressive anoxia resulting from inadequate respiratory exchange and may be 
avoided by insuring adequate oxygenation of the animal tissues. It is question- 
able whether direct cardiac toxicity plays any role whatever in intravenous human 
anesthesia with the thiobarbiturates. 

SUJIMARY 

1. In the heart-lung preparation the thiobarbiturates, thiopental and Surital, 
exhibit only a moderate degree of cardiac to.xicity which is no greater than that 
produced by the connsponding oxygen analogue. On an equal dose basis, Surital 
is perhaps less toxic, but definitely not more toxic, than thiopental. 

2. In the intact dog, anoxia secondary to respiratory failure plays the pre- 
dominant role in death from thiopental or Surital anesthesia. Abnormalities of 
cardiac rhythm appear to take origin on the basis of inadequate oxygenation. 

3. Peripheral vascular failure, of anoxic or toxic origin, may be a contributory 
cause of death. 
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Mixtures of penicillin -with vasoconstrictors such as epinephrine (Fisk and 
coworkers (1), Fisken et al. (2), Ercoli et al. (3) and Schachter (4)) have been used 
experimentally and clinically in order to obtain delayed absorption as indicated 
by prolonged blood levels. 

It is not a rare occurrence in the field of chemotherapy and pharmacology 
that the characteristic effects of biologically active agents disappear if the con- 
stituents are combined in one molecule as a chemical entity even though their 
mixture shows the expected activity. For that reason, it appeared desirable to 
study the properties of an 1-ephedrine salt of penicillin G which was recently 
prepared by Dr. M. W. Goldberg and Mr. S. Teitel in the Roche Chemical 
Laboratories. 

The 1-ephedrine salt of penicillin G (Tersavin) is a new penicillin derivative 
which combines crystalline penicillin G and 1-ephedrine. Tersavin, which has 
the empirical formula: CieHisO^NjS • CioHuON, is a crystalline white powder 
with a melting range of ISS-IST^O. (decomp.). The specific optical rotation 
[a]!” ° in a 2.4 per cent aqueous solution is -f-lQO®. The substance is highly 
soluble in water (60 per cent at room temperature) and a 1.5 per cent aqueous 
solution has a pH of 6.2. The calculated unitage per 1 mgm. is 1187 units; this 
was confirmed by assay. Therefore, the potency of 1.4 mgm. of Tersavin corres- 
ponds to that of 1 mgm. of crj^stalline sodium penicillin G. 

The present paper consists of the results of the to.xicological, pharmacological 
and chemotherapeutic work carried out with this compound. 

P.ART I. Pharmacological Properties of Tersavin 

Tersavin and ephedrine HCl have been studied for their comparative toxicity, 
circulatory effects and bronchodilator action. 

Toxicity. The toxicity values for Tersavin and ephedrine HCl were deter- 
mined in mice, rats and rabbits by various routes of administration. The LDjo 
toxicity values and their standard errors were calculated by a graphic method 
(5). Since the molecular weight of Tersavin (499.6) is 2.48 times that of ephe- 
drine HCl (201.7), the data are given in terms of mgm./kgm. and millimols/kgm.; 
the latter shows the true relative toxicities. The data in table 1 indicate that 
Tersa\nn is only slightly more toxic than ephedrine HCl in mice and rats but 
about equally toxic in rabbits. The toxicity of Tersavin may, therefore, be 
ascribed to its ephedrine content. 

* Tersavin — T. M. — ^Reg. U. S. Pat. Off. 
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Circulatory Effects. The relative blood pressure effects of Tersavin and ephe- 
drine HCl were each measured in 8 dogs and 4 cats. The animals were anes- 
thetized with dial-urethane, the drugs were administered intravenously and the 
blood pressure recorded with a mercurj' manometer. The animals were at- 
ropinized (1 mgm./kgm.) and responses to a series of graded doses of epinephrine 
were measured. A dose of Tereavin or cpliedrinc HCI was given and from the 
response in mm. Hg the relative potency in terms of epinephrine was estimated. 
A dose of Tersavin was followed by an equimolar dose of ephedrine HCl, and 
vice versa, in order to obser\'e the tachjT)hylactic effects. Typical records from 
2 dogs are shown in figure 1. This illustrates that the vasoconstrictor poten- 
cies of Tersavin and ephedrine HCl are identical on a molecular basis and 
each compound produces tachyphylaxis to the other. Although there is wide 
variation in sensitivity of animals to both Tersavin and ephedrine HCl as well 
as to epinephrine, the ephedrine salts are approximately 1/200 as strong as 
epinephrine in dogs and 1/100 as strong in cats. 


table 1 

Toxicity of Tersavin and ephedrine HCl 


sPEass 

HOCTE 

EPnEoxixE UG 1 

LDm ds S.E. 

TEES WIN 

LDm :h S.e. 




m mol/kgm. 

tngm /kgm. 

« mfl/kgm. 

Mice 

i.p. 

340 ±51 

1.69 ±.25 

C30 ±69 

1.20 ±,14 

Mice 

i.v. 

95 ±19 

.47 ±.09 

175 ±17 

.35 ±.03 

Rats 

i.p. 

290 ±20 

1.44 ±.10 

6S0 ±8S 

1.36 ±.18 

Rats 

s.c. 

1150 

5.82 

2400 

4.80 

Rabbits . . . 

i V. 

65 

.32 

175 

.35 


Bronchodilator Action. The relative potency of Tersavin and ephedrine HCl 
as bronchodilators in comparison with epinephrine was measured on the isolated 
tracheal smooth muscle of guinea pigs by the method of Castillo and de Beer (6). 
A chain of isolated tracheal rings, attached to a light lever, was suspended in 
Hastings- Van Dyke solution, aerated Avith 95 per cent 02t 5 per cent CO 2 and 
kymographic tracings of the changes in tone were recorded. The response to 
graded doses of epinephrine was obtained and a dose of Tersavin or ephedrine 
HCl was then added. 

From the degree of relaxation, the potency of the ephedrine salts were esti- 
mated in terms of epinephrine. Since ephedrine salts could be washed out only 
with great difficulty, successive doses of the compound usually had less effect 
than the first so that graded response could not be obtained. Figure 2 illus- 
trates the bronchodilator action of Tersavin and ephedrine on different prepar- 
ations. From 0 experiments with each compound an average potency of 1/500 
of epinephrine was found. The effects of Tersavin were indistinguishable from 
those of equimolar concentrations of ephedrine HCl. 
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Pakt II. Chcmolhcrapinilic Properties of Tcrsavin 

Materials and methods. Penicillins. The sodium salt of crystalline penicillin G (1667 
units/mgm.) and the 1-cphcdrine salt were obtained from the Roche Chemical Laboratories. 

Strains of Test Organisms . The origin of the strains used in this investigation have been 
described in previous publications by Schnitzer el al. (7). The following bacterial strains 
were used; 

(1) In vitro experiments 

^-hemolytic streptococci (Group A) 

Strept. 4, type 3 
Strept. C203, tj’pe 3 



Fig. 2. Action on Guinea Pig's Tracheal Rings 

A. Epinephrine, 10“* gm./cc. = 0.055 micromolar 
Epinephrine, 2 X 10“* gm./cc. = O.ll micromolar 
Tersavin, 10“* gm./cc. =* ^ micromolar 

B. Epinephrine, lO"* gm./cc. = 0.055 micromolar 
Epinephrine, 2 X 10“® gm./cc. *= 0.11 micromolar 
Ephcdrinc HCl 4 X 10“* gm./cc, = 20 micromolar 

A and B are records from difTcronl preparations. Time in minutes. 

Strept. B — from an abscess of the foot 
Strept. 9S — source unknown 
Staphylococcus aureus 
Staph. 209 
Staph. L 

Staph. 13 — from nose culture 
Staph. 49 — from tonsillar culture 
Pneumococci 
Pn. 6301, Type I 
Pn. 6302, type II 
Pn. 6303, type III 
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I' iriDC'inneiis 

Iniip IIOSO culture 
Sii.iiii I", -I nnii iliii;’!? ear culture 
ijriimif -’if. i,i ihi niii tiiphoid group 
i:. <f.h J 

c.ili ir.l _M,m- Leod strain 

i; I 

f , t \ plo-,.'! I'.>n 

S, i liiJjcJlrri 30 

ej; 1 71 7 v:/> I j iji-n I'n /lOs 

a-tniioL/Or -A/ 1 - iilococci (Group A) 

Stri-pt, 4, 

Sfrcpt 11 

pHi lil/HtriH (*' 

I’ll. OoOl , tyjic 1 
iifi 7 C<\rh( li,\ 

Boinlia Nnvvt 

Tcch/i/i/i'i: Ilf ihi III i iirii Teals. Serial dilutions of sodium penicillin G and Tersavin were 
made in tlie somi-syiithctie medium of Adams and Roc (8) in the case of streptococci and 
pneumnciH.fi and in papain dij^ost bacto-bcef broth in the case of all other organisms. 

The tulic.s were i riiinediatelv inoculated with one drop of the culture dilution (strepto- 
eo(.ei~uridi!'Ped , jinoumoeocci —undiluted ; pseudomonas — 10~‘; coli-typhoid group— 10"') 
frniiia I cc ppielii The test tube racks were then shaken, placed in an incubator at 37'C. 
and read after .M hours. 

Ti :h'iiii'ii Ilf ihr III I n'n Tiais. Eighteen-twenty gram mice, taken from one breeding 
1 'h)ii\ . \sere u-ed in all the experiments. 

! S\ -w;iiie infections with streptococci and pneumococci, (a) Streptococci. Mice 
ei e In iei 1 1 1 1 1 ii i a peril iincall V with 0.5 cc. of a 10"®’ dilution of a 22-hour serum broth cul- 
ture o' --iiii.' .('oi , us hcmolvticus #4 (Group A, type 3). This dose corresponds to 1000 
Mi.lJ 

The I r. 1 1 ru. ui < on-irteil of variations of our standard total dose of penicillin, 500 units/ 
hiiin f(i .! inuin ! “in el vstallinc penicillin G), as described by Soo-Hoo and Schnitzer (O). 
ihe eoinpiM'iid- aep. “1 , eii in 2 treatments, one immediately following infection and the 

"ther 4 hnui,- 1,.;' , 

(bi I’neuin M '■ .1 11 , \!ii e were injected intra])entoneally with 0.3 cc. of a 22-hour serum 
I'Pith rub urn . u I’ Mimiocpceus 6301 (type I). This dose represents about 1000 MLD of tic 
-Main 

The trealmeid dn-e as described by Kelly and Schnitzer (10) was used. It 

I lie mjeetion of a (.,1;;! i,f 1.500 units/kgm. (0.9 mgm./kgm. crystalline penicillin G) and ^ 

units kgm. (1 8 niL'iii kgm. crystalline penicillin G) in 2 treatments. The first dose va- 
gi ven immediately aiiei infection while the second was given 4 hours later. 

Ihe animals in bui h liie streptococcal and pneumococcal experiments were obsertc 
a .'.-wpek period. .5!1 miee that died during this time were autopsied and cultures o 
heart blood were made ^ 

'2) Systemic infect u.u with Borrelia Novyi. The compounds were evaluated by ^ 
method descrihed by Buck, Farr and Schnitzer (11). It consisted of jpJ) 

fully developed borrelia infection in mice with a single standard dose of pemcilhn i i^^ 
umts/kgm. (15,0 mgm./kgm. crystalline penicillin G). The number of ‘ (jc; 

fields of the darkfield microscope was counted before the treatment and 3 and ® 
the treatment. From these counts, the reduction in the number of parasites in > 
was determined. 

(3) Bocal infection. The technique of the local infection and its treatment 1 
previously described by us (12), 
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(a) Local therapeutic experiments. Two-tenths cc. of a 1:10* dilution of a 22-hour serum 
broth culture of /5-hemolytic streptococcus B were injected into the ventral subcutaneous 
tissue of mice. The animals were treated immediately, by subcutaneous injection into the 
infected area, 'V\'ith 1.0 cc. of a solution of the penicillin salts ranging from 2.5 to 20 units/cc. 
(0.0015-0.012 mgm./cc. crystalline penicillin G). At the end of 22-24 hours the animals 
were autopsied and cultures from the infected and treated areas were made on blood agar 
plates. Animals from which cultures showed less than 10 colonies are listed as success- 
fully treated in the tables. 

(b) Local prophylactic experiments. One cc. of a solution of the penicillin salts contain- 
ing 250 or 500 units/cc. (0.15 or 0.3 mgm./cc. crystalline penicillin G) was injected into the 
ventral subcutaneous tissue of mice. At specified intervals of 16 minutes, 30 minutes, 1 
hour and 2 hours after injection of the penicillin salts, 0.2 cc. of a 1:5 dilution of a 22'hour 

TABLE 2 


Comparative bacierioalalic activity of Tersavin and penicillin G in vitro 


oicA>nsu 

1 

j BACTEW03TATIC CONCXNTBATlOll 

1 Tersavin 

1 Fenidllm G 

j 

vnils/cc. 

0.0105 

mtm./cc. 

0.000016 

unils/cc. 

0.0195 

0.000012 


0.0105 

O.OOOOIC 

0.009S 

0.000006 

0.000006 

0.0015 


0.0105 

0.000016 ! 

0.0098 


2.5 

0.0021 

2.6 


0.0105 

0.000016 

0.0195 

0.000012 

>0.006 


>10.0 

>0.0084 

>10.0 


0.030 

0.000033 

0.039 

0.000023 

0.00037 


0.625 

0.00053 

0.C25 


0.0105 

0.000016 

0.0195 

0.000012 


0.0105 

0.000016 

0.0098 

o.oonooR 


0.0105 

0.000016 

0.0195 

o.onnnia 


>100.0 

>0.0S4 

1 >100.0 

>0.00 


>100.0 

>0.084 

>100.0 

>0.06 


25.0 

0.021 

12.5 

0.0075 

E coli 119 

50.0 

0.042 

25.0 

0.015 


25.0 

0.021 

12.5 

0.0075 


12.5 

0.01 

6.25 



50.0 

0.042 

25.0 

0.015 



serum broth culture of Streptococcus B were injected subcutaneously into the treated area. 
At the end of 22-24 hours, the mice were autopsied and the area of infection or infection and 
treatment, respectively, was swabbed. Cultures from these swabs were then made on blood 
agar plates. 

In both types of e.xperiment8, it was unnecessary to use blood agar plates into which a 
penicillin-inhibitor was incorporated for making cultures from the animals, since we had 
found that all the penicillin had disappeared much earlier (12) and there was no danger of 
carrying over enough penicillin to cause any bacteriostatic activity. 


* A dilution of 1:10 was used in the local therapeutic experiments, since it was found that 
at the time these e.xperiments were run, a dilution 1:10 gave the same response as had a 
dilution of 1:5. 
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ExPERiRfENTAL. Chemoihevapeutic Activity in vitro: Eighteen strains of 
gram positive and gram negative bacteria were tested, by the dilution method, 
for their sensitivity to Tersavin and crystalline penicillin G. As table 2 shows, 
representative organisms of the group of penicillin sensitive and penicillin insensi- 
tive organisms were selected for these tests. One naturally resistant organism 
was included among the penicillin sensitive strains of staphylococci. It is evi- 
dent that the bacteriostatic activity of Tersavin is identical with that of penicillin 
G. All differences are not greater than one dilution step and this difference is 

TABLE 3 


Aclivity of Tersavin and penicillin G in the systemic sircplococcus 4 infection of mice 


TOTAL DOSE 

TOTAL DOSE 


STJiVlVOUS 

CDso db S.E. 

CDso :b S.E. 

iwUs/kgm. 

mgm./l!ga. 


per cent 

unils/kgm. 

tngm./kgm. 

Tersavin 






1000 

0.84 

29 

100 



600 

0.42 

30 

88.3 

220 ±53* 

0.185 ±0.045 

250 

0.21 

30 

58.3 

1 


Penicillin G 






1000 

0.6 

30 

' 98.4 



500 

0.3 

30 

85.0 

308 ±52 

0.185 ±0.031 

250 

0.15 

30 

35.0 



Controls 

— 

30 

0 




* According to the method described by De Beer (4) . 


TABLE 4 

Aclivity of Tersavin and penicillin G in the type I pneumococcus infection of mice 


TOTAL DOSE 




CDs. ± SX. 

CDi9 db S.E. 

units/kgm* 



per cent 

unilsfkgm. 

mgn)./hem. 

Tersavin 

mgm.lhgm. j 





3000 


10 

100 



1500 


20 

65 

1300 ±312 

1.07 ±0.26 

Penicillin G 

I 

1 





3000 

1.8 

10 

100 

1 


1500 

0.9 

20 

45 

1515 ±288 

0.91 ±0.17 

Controls 

— 

30 

0 

I 

— 


not significant since any dilution test is only accurate to plus or minus one 
dilution. 

Systemic Activity in vivo. (1) Anti-streptococcal activity. The results of the 
experiments in the streptococcal infection are given in table 3. The total dosage 
is based on 2 treatments given on the day of the infection at 4-hour intervals. 
It is evident that the effect of Tersavin is identical with that of penicillin G, the 
differences in the unitage of the CDso being insignificant. 

(2) Anti-pneumococcal activity. The comparison of Tersavin and penicillin 
G in the pneumococcal infection, as given in table 4, shows that the standard 
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dose of 3000 imits/kgm. prevented the death of all infected mice when it was 
given in the form of the sodium salt (1.8 mgm./kgm.) or in the form of Tersavin 
(2.52 mgm./kgm.). The effect of half this dose was also about the same with 
both drugs and the CDso on the basis of unitage exhibited, therefore, no sig- 
nificant difference. The lower content of crystalline penicillin G made, of course, 
the CDso by weight appear slightly better. 

(3) Anti-borrelia activity. If tested by the rapid assay method with Borrelia 
Novyi (11), the activity of Tersavin was unit for imit the same as that of penicil- 
lin G (table 5). On a weight basis, about 30 per cent more Tersavin was required, 
which corresponds to the lower penicillin content of this salt. 

If the activity of Tersavin was evaluated in a therapeutic experiment, that is 
by repeated treatment of a manifest blood infection, the effect was also identical 
with that of penicillin G. In this type of experiment, the mice received 8 sub- 
cutaneous treatments, 4 per day at 2-hour intervals, of 25,000 or 50,000 units/ 
kgm. (15 or 30 mgm. crystalline penicillin G/kgm. or 21 or 42 mgm. Tersavin/ 

TABLE 6 

Rapid assay of Tersavin and penicillin O in the BorrcUa novyi infection of mice 


Initial count: 46S d:42 parasites/100 microscopic fields. Single subcutaneous treatment. 


COUTOCm 

DOSE 

DOSE 

NO or 

TESTS 

HEDDCnON or TAIASITES 

JUIIO 

t3/t30 

t J* 

t20 


unUt/kim, 



PtT ctnt 

fer ctnt 


Tersavin 

25,000 

21.0 

2 

99.3 

03.2 

1.08 

Penicillin G 

25,000 

15.0 

3 

99.5 

92.3 

1.07 

Controls 

— 

— 

3 

65 incr.’’ 

600 incr. 



» t 3 “ count after 3 hours; t 20 = count after 20 hours. 
** incr. = increase of spirochetal count. 


kgm.) of the penicillin salts to a total of 200,000 or 400,000 imits/kgm. respec- 
tively, (120 or 240 mgm. crystalline penicillin G/kgm. or 168 or 336 mgm. Ter- 
savin/kgm.) beginning 1 day after the intraperitoneal injection of 400,000 to 
500,000 parasites of Borrelia Novyi. The mice treated with the higher dose of 
the penicillin salts stayed free of relapses for a period of 3 weeks. Sixty per cent 
of the mice treated with the lower dose relapsed 10-14 days after the termination 
of therapy. 

It did not seem surprising that the activity of Tersavin was not significantly 
different from that of penicillin G in the treatment of generalized infections. 
We have found in acute infections of mice that penicillin preparations showing 
a slow rate of absorption, induced by different vehicles or by the use of penicillin 
derivatives of lower solubility in water, exert the same activity as the water 
soluble salts of penicillin G. A similar conclusion can also be drawn from results 
observed by Hobby (13, 14). The anti-pneumococcal and anti-streptococcal 
activity of procaine penicillin of low solubility which was administered in 1 dose 
■was about the same as that of penicillin G administered in 3 doses. It would 
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seem, therefore, that in the control of the acute fatal coccal infections of mice 
sufficient penicillin is released even if the absorption has been delayed by one 
means or another. 

It might seem appropriate to point out that the reduction of the penicillin 
administration to not more than 2 treatments has been practiced in this labora- 
tory for a long time. It is based on the early experience that in an experimental 
infection of mice the subdivision into small multiple doses does not offer an 
advantage over 1 to 2 larger doses. Similar observations have recently been 
published by Marshall (15), Zubrod (16), White et al. (17) and Gibson (18). 

Blood level determinations in rabbits. Albino rabbits, weighing 2-3 kgm., were in- 
jected with 150,000 units (90 mgm. G; 126.4 mgm. Tersavin) dissolved in saline. Four 
animals were included in each group and the blood level was determined at the end of 1, 3, 
5, 7 and 16 hours. At the 24-hour interval only 2 animals were used for each compound. 

The bacteriostatic activity of the serum was determined in a dilution test with a /5-hcmo- 
lytic streptococcus (Strain ;Sf4) as the test organism. In the semi -synthetic media of 
Adams and Roe, used for the experiments, this strain was inhibited by 0.005-0.01 units 
(0.000003-0.000006 mgm.) penicillin G. 

In all instances where 0.4 cc. serum or more was used in order to show growth inhibition 
of the organism, parallel experiments were carried out in tubes containing penicillinase. 
This was done in order to show that the bacteriostatic activity of the serum was actually 
due to penicillin. 

The bacteriostatic conceatrations of the serum after administration of penicillin 
G followed the familiar pattern. Expressed in penicillin units per cc., a peak of 
bacteriostatic activity was observed after 1 hour (average value: 38.4 units/cc.). 
This value dropped considerably after 3 hours when only 0.3 units/cc. were 
found. Only 1 animal out of 4 showed a value of 0.05 units/cc. after 5 hours. 
At later intervals no activity of the serum was observed. 

The 1-ephedrine salt of penicillin G (Tersavin), tested under the same condi- 
tions as above, gave similar but not identical results. The average peak con- 
centration after 1 hour was found to be 51.2 units/cc. After 3 hours the average 
concentration was 18.4 units/cc., and even after 5 hours an average figure of 2.5 
units/cc. was found. ISfo demonstrable blood level was observed after 7 hours 
and at the later intervals. 

It might be mentioned that the comparatively high value for Tersavin at the 
5-hour interval was influenced by the fact that 1 rabbit exhibited a blood level of 
6.4 units/cc. Even if this result were omitted from the data, the average blood 
level would still be 1.2 units/cc. which is considerably higher at this interval than 
that obtained after the administration of penicillin G. 

These observations indicate that the presence of the vasoconstrictor did indeed 
delay the absorption of the ephedrine salt for at least 2 hours. 

Differences, comparable to those observed above, may also be seen if one 
studies the local prophylactic anti-bacterial effect of penicillin salts. Even .slight 
delays in absorption, such as may be induced by suspensions, have an influence 
which can be determined by the fate of a topical infection at the site of previous 
drug administration. 

Topical activity in vivo. As described earlier in this paper, the technique 
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consisted in the subcutaneous infection of mice with j3-hemolytic streptococci at a 
site where they had been treated previously with penicillin G or Tersavin. . The 
mice were sacrificed at the end of 22-24 hours and cultures, from the treated and 
infected areas, were made on blood agar plates. The plates were read after 24- 
houi-s incubation. 

If an interval of 15 or 30 minutes was kept between the prophylactic treat- 
ment and the infection, no significant difference was seen at the two doses in the 
percentage of mice successfully treated (table 6). After a l-hour interval, 
differences became apparent and the number of mice in which the tissues were 
successfully treated was markedly higher after the administration of Tersavin 
than in the case of penicillin G. No significant difference was observed if 2 
hours were allowed to elapse even though the percentage of successfully treated 
mice due to Tersavin treatment was slightly higher. 

TABLE 6 


Local prophylactic activity of Tersavin and penicillin G at various time intervals 


COMPOUND 

UNITS 

ns cc. 

ucu. 

SESCC. 

j PES CENT inCC SUCCESSPDILY ISEATED 

15 tain.* 

30 min. 

1 hr. 

2 hrs. 

Controls 

Tersavin 

500 

.42 

86t 

82 

67J 

22 

0 

Penicillin G 

600 

.3 

73 

59 

23} 

0 

0 

Tersavin I 

250 

.21 

68 

64 

m 

22 

0 

Penicillin G 

250 

.15 

60 

64 

275 

17 

1 ^ 


• Time of infection after treatment. 

t The figures represent the results obtained with 10-30 mice for a group. Mice were 
considered successfully treated if the subculture on a blood agar plate showed less than 
10 colonies. 

X Significant figures because p » 0.05. 

I Significant figures because p »= 0.01. 

These observations seem to indicate that there is a definite tendency to pro- 
longed prophylactic activity on the part of Tersavin. 

If the technique of these experiments was changed so that the infection 
preceded the treatment which was administered shortly afterward, the mice 
were found to be successfully treated on the administration of 10-20 units 
penicillin G or Tersavin. This dose has been found, in many previous experi- 
ments, to be the normal dose for successful treatment of the animals. In a few 
instances where penicillin was more active, Tersavin was also more active. 

Discussion. From the work presented in the experimental parts of tins paper, 
the conclusion may be drawn that the 1-ephedrine salt of penicillin G, Tersavin, 
exerted the specific activity of ephedrine as well as the characteristic anti-bac- 
terial properties of penicillin G. There does not seem to be either an antagonism 
or a synergism between the components since the systemic activity of I-ephedrine 
penicillin did not seem to be significantly increased by the vasoconstrictor. 
Two modifications might, however, be attributed to the presence of the vaso- 
constrictor. One is an influence on the blood level which is prolonged and higher 
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with Tersavin than in the case of penicillin G; the other is an extended prophylac- 
tic topical effect in an experimental local streptococcal infection. 

We feel, therefore, that 1-ephedrine penicillin, Tersavin, offers the advantages 
of both the antibacterial properties of penicillin G and the vasoconstrictory effect 
of ephedrine by the administration of a single chemically defined compound,^ 

SUMMARY 

Experimental data are submitted which show that the 1-ephedrine salt of 
penicillin G, Tersavin, exerts quantitatively the anti-bacterial effect of penicillin 
G and the vasoconstrictory properties of 1-ephedrine. 
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Although new anti-malarial agents are coming into widespread use, quinine 
will probably continue to be used, especially when intravenous use is indicated 
in severe falciparum malaria with coma or other cerebral symptoms (1). How- 
ever, intravenous injection of the alkaloid might be hazardous, especially in pre- 
existing circulatory depression. Since this matter has not been previously ex- 
plored, it was decided to obtain evidence on the toxicity of the alkaloid, and on 
the value of certain antagonists for its circulatory depression, in hemorrhage, 
asphyxia, hyperthermia, and shock. This paper presents the results obtained. 

Methods. The same general methods were followed as in a previous report (2). In 
addition to comparisons of the depressor effect of single doses (10 mgm./kgm.) of quinine 
in 0.9 per cent sodium chloride solution injected in 2 minutes, and the same dose of quinine 
mixed with an antagonistic agent, it was thought desirable that the most promising agent, 
epinephrine, should also be studied for possible antagonism to the fatal dose of quinine. 
For this purpose, the fatal dose of quinine hydrochloride was determined by continuous 
injection of a 1 per cent solution in normal saline solution at the rate of 2 mgm./kgm. per 
minute. This was then compared with the fatal dose of quinine when mixed with epi- 
nephrine in the ratio of 0.004 mgm. to 2 mgm. of quinine. 

Both rabbits and cats were used. Anesthesia was produced with pentobarbital sodium, 
35 mgm./kgm. being used intraperitoneally in cats, and intravenously, in rabbits. The 
various abnormal states were produced as follows: hemorrhagic shock by bleeding animals 
from the right femoral artery (blood pressures: 50-60 mm. Hg, rabbits and 7O-S0 mm. Hg, 
cats); moderate asphyxia with cyanosis and no change in blood pressure by allowing the 
animal to breathe through a 4-foot length of i inch rubber tubing, or by clamping partially 
the trachea; severe asphyxiawithvariablcthoughmoderate blood pressure changes by using 
a 6-foot tube; shock with hemorrhage by opening the abdomen and gently manipulating 
and tugging on the mesenteries and viscera (blood pressures: 50-60 mm. Hg, rabbits and 
90-100 mm. Hg, cats) . For hyijerthermia the body temperature of the anesthetized animals 
was raised to41*-42®C. by tying the animal supine on an electrically heated pad. Although 
small numbers of animals were used in each state, due to non-availability, differences in 
effects were signiBcant in most cases. 

Si7iall Doses of Qtdnine and Antagonists in Various Abnormal Slates (table 1). 
Epinephrine (0.015 mgm./kgm.) was the only drug which consistently antagon- 
ized the blood pressure lowering effect of quinine (10 mgm./kgm.) and increased 
recovery of blood pressure in the various abnormal states studied. After hemor- 
rhage in rabbits, epinephrine decreased the blood pressure fall from a control of 

^ Supported, in part, by a grant from the Therapeutic Research Committee of the Coune>* 
on Pharmacy ahd Chemistry of the American Medical Association. 
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hemorrhage in cats. In moderate or severe asphyxia in either cats or rabbits, 
epinephrine was not effective as an antagonistic agent. . In non-hemonbagic 
shock the median fatal dose for quinine alone, in rabbits, was 90 mgm./kgm.; 
in cats, 71 mgm./kgm. After epinephrine was added to the quinine, the me^an 
fatal dose was 208 mgm./kgm. in rabbits, 99 mgm./kgm. in cats. In hyper- 
thermia, the median fatal dose for quinine was 50 mgm./kgm. in rabbits, and 56 
mgm./kgm. in cats. Addition of epinephrine raised the median fatal dose of 
quinine to 150 mgm./kgm. in rabbits, 130 mgm./kgm. in cats. 

Discussion. In the various abnormal states studied, namely, non-hemor- 
rhagic shock, hemorrhage, asphyucia, and hyperthermia, the toxicity and depressor 
effect of quinine were almost uniformly increased. Any of these conditions 
might be found in clinical malaria, either as a result of the disease process itself, 
or of injury, or other diseases. High fever, of course, is almost always present 
in severe malaria, and this was found to increase the toxicity of quinine. Epineph- 
rine, however, was quite effective in raising the fatal dose, and in antagonizing 
the depressor effect of quinine, thus suggesting its use in clinical malaria with 
high fever when quinine must be given intravenously, and assuming a similar 
antagonism. 

Partial asphyxia in malaria might easily result from the decreased oxygen 
carrying capacity of the blood due to the clumping or sludging of red blood 
cells, or to concomitant pneumonia, or other disease process. While moderate 
asphyxia seemed to have little effect on the fatal dosage in animals, in severe 
asphyxia the toxicity of the drug was greatly increased- The lack of a beneficial 
effect from epinephrine suggests that clinically asphyrxia or cyanosis should be 
treated first by oxygen inhalation before giving quinine intravenously. 

Shock or hemorrhage, occurring as a result of injury or operation may 
accompany malaria, and both of these conditions increased the sensitivity of 
animals to quinine. In these conditions, epinephrine added to the quinine was 
effective in rabbits, but not so effective in cats. 

CONCLUSIONS 

1. The sensitivity of cats and rabbits to quinine was found to be greatly W' 
creased in non-hemorrhagic shock, after hemorrhage, in severe asphyuda, and io 
hyperthermia.^ In moderate asphyxia, the fatal dosage of quinine was no 
significantly different from that in normal animals. 

2. Epinephrine given with quinine at the rate of 0.004 mgm. for each 2 mg®' 
of quinine was effective in increasing the fatal dosage of quinine in rabbits ^ 
yected to marked hemorrhage, non-hemorrhagic shock, and hyperthermia, W 
not to asphyxia. In cats, epinephrine was effective against quinine in b®®' 
rhage and hyperthermia. 

3. Of the 3 antagonists compared in rabbits, namely, epinephrine, neos^' 
ephnne.and calcium chloride, epinephrine was the only one which consist® ! 
mitigated the blood pressure lowering effect of quinine given intravenously® 

OSes of 10 mgm./kgm. in hemorrhagic shock, non-hemorrhagic shock, hyP 
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Although new anti-malarial agents are coming into widespread use, quinine 
will probably continue to be used, especially when intravenous use is indicated 
in severe falciparum malaria with coma or other cerebral symptoms (1). How- 
ever, intravenous injection of the alkaloid might be hazardous, especially in pre- 
existing circulatory depression. Since this matter has not been previously ex- 
plored, it was decided to obtain evidence on the toxicity of the alkaloid, and on 
the value of certain antagonists for its circulatory depression, in hemorrhage, 
asphyxia, hyperthermia, and shock. This paper presents the results obtained. 

Methods. The same general methods were followed as in a previous report (2). In 
addition to comparisons of the depressor effect of eingle doses (10 mgm./kgm.) of quinine 
in 0.9 per cent sodium chloride solution injected in 2 minutes, and the same dose of quinine 
mixed with an antagonistic agent, it was thought desirable that the most promising agent, 
epinephrine, should also be studied for possible antagonism to the fatal dose of quinine. 
For this purpose, the fatal dose of quinine hydrochloride was determined by continuous 
injection of a 1 per cent solution in normal saline solution at the rate of 2 mgm./kgm. per 
minute. This was then compared with the fatal dose of quinine when nuxed with epi- 
nephrine in the ratio of 0.004 mgm. to 2 ragm. of quinine. 

Both rabbits and cats were used. Anesthesia was produced with pentobarbital sodium, 
35 mgm./kgm. being used intraperitoncally in cats, and intravenously, in rabbits. The 
various abnormal states were produced os follow's: hemorrhagic shoclc by bleeding animals 
from the right femoral artery (blood pressures: 60-60 mm. Hg, rabbits and 70-80 mm. Hg, 
cats); moderate asphyxia with cyanosis and no change in blood pressure by allowing the 
animal to breathe through a 4-foot length of \ inch rubber tubing, or by clamping partially 
the trachea; severe asphyxiawith variable thoughmoderato blood pressure changes by using 
a 6-foot tube; shock with hemorrhage by opening the abdomen and gently manipulating 
and tugging on the mesenteries and viscera (blood pressures; 60-60 mm. Hg, rabbits and 
90-100 mm. Hg, cats). For hyperthermia the body temperature of the anesthetized animals 
was raised to 41®-42’C. by tying the animal supine on an electrically heated pad. Although 
small numbers of animals were used in each state, due to non-availability, differences in 
effects were significant in most cases. 

Small Loses of Quinine and Anlagonisls in Various Ahnornial States (table 1). 
Epinephrine (0.015 mgm./kgm.) was the only drug which consistently antagon- 
ized the blood pressure lowering effect of quinine (10 mgm./kgm.) and increased 
recovery of blood pressure in the various abnormal states studied. After hemor- 
rhage in rabbits, epinephrine decreased the blood pressure fall from a control of 

* Supported, in part, by a grant from the Therapeutic Research Committee of the CouncH 
on Pharmacy ahd Chemistry of the American Medical Association. 
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49 per cent for quinine alone, to 16 per cent. In non-hemorrhagic shock in 
rabbits,' quinine produced a fall of blood pressure of 39 per cent, but ■with epineph- 
rine added the fall was only. 14 per cent. In partial asphyxia in rabbits, 
addition of epinephrine changed the blood pressure fall of quinine from 33 per 
cent to 15 per cent, and in hyperthermia, epinephrine decreased the quinine fall 
from 52 per cent to 22 per cent. Recovery of blood pressure was benefitted by 

TABLE 1 


Small doses of quinine and quinine with antagonists in various abnormal stales 



RABBITS 

CATS 

DRUGS* 

1 

No. 

Trials j 

Aver, fall 
of blood 1 
pressure | 

Aver, 
rccoveryt 
of blood 1 
pressure 

1 

No. 

Trials j 

Aver, fall 
of blood 
pressure 

Aver, 
recovery^ 
of blood 
pressure 


Hemorrhage 


■ 

Quinine 

8 

! 

29 ' 

per cent 

49( 9-73)t 

per cent 

86 

! 

3 

11 

per cent 

26 (12-41 )t 

per cent 

86 

Quinine plus epineph- 
rine 1 

3 

! 

16 

16 ( 0-29) 

100 


i 

25 ( 0-53) 

100 


Non-hcmorrhagic shock 


Quinine 

Quinine plus epineph- 
rine 

9 

4 

48 

27 

39 ( 8-69) 

14 ( 0-60) 

89 

100 

2 

2 

9 

9 

17(12-27) 

8( 0-30) 

91 

95 

Partial asphyxia 

Quinine, 

13 

38 

[33 ( 4-69) 

1 

1 88 

3 

15 

27(15-49) 

' 89 

Quinine plus epineph- 



1 






rine 

6 

17 


99 

3 

15 

18 ( 0-33) 

95 


Hyperthermia 


Quinine 1 

8 

23 

52(21-83) 

69 

2 

6 

28(21-35) 

Quinine plus epineph- I 
rine 

2 

7 

22 ( 6-38) 

96 

2 

6 

17 ( 6-28) 


* Drugs (quinine 10 mgm./kgm., epinephrine 0.015 mgm./kgm.) were injected intra- 
venously in 2 minutes, 
t Range in parentheses. 

t Compared with pre-injection level in mm. Hg. 

epinephrine in each case. In cats, epinephrine was somewhat effective as an 
antagonist to quinine in non-hemorrhagic shock, asph3rxia, and hyperthermia, 
but not after hemorrhage. 

Neosynephrine (0.05 mgm./kgm.) and calcium chloride (10 mgm./kgm.) were 
also tried as antagonists to the blood pressure lowering effect of quinine, but were 
not significantly effective. 

Fatal Doses of Quinine and Epinephrine in Normal and Abnormal Stales (table 
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The experiment illustrated in figure 3 requires further explanation. In this 
case a small dose of Myanesin, administered to a very rigid animal, increased 
the amplitude of the knee jerk and caused the appearance of clonus. This is of 
special interest because similar effects have been reported several times in pa- 
tients. In rigid limbs both flexors and extensors are powerfully activated, and 
respond to the slightest stretch by reflex contraction. When a muscle contracts, 
its antagonist, being thereby stretched, promptly contracts also, and limits 
movement in the first muscle. Because of the greater importance of extensor 
muscles in postural activity they are considerably more spastic than the flexors. 
When a small dose of Myanesin is given to an animal with extreme rigidity, the 
spasticity in both flexors and extensors is reduced. But, whereas most of the 
flexor spasticity is relieved, considerable e.xtensor spasticity remains because it 
was so extreme initially. Although the extensors are actually less spastic following 
iMyanesin, they appear to be more so because they are unopposed. The effect of 
the Myanesin in this case is believed then, to be unmasking of the extensor 
spasticity, which had been previously limited by flexors. Additional Myanesin 
acts in the usual manner to reduce the remaining tone in the extensors. This 
differential susceptibility of extensors and flexors is probably due to fundamen- 
tal differences in the pattern and amount of their innervation under the ab- 
normal conditions of rigidity. There is no good evidence that Myanesin may 
actually increase spasticity in non-rigid limbs. 

SUJIMARY AND CONCLUSIONS 

These experiments indicate that discrepancies in the results of clinical trials 
with Myanesin are not due to the variety of the lesions causing spasticity. Clearly, 
all types of experimental spasticity in cats, whatever the nature of the lesion, 
can be relieved by effective doses of Myanesin. The evidence presented supports 
the previously described theory of drug action upon facilitatory and inhibitory 
systems which mediate the impulses maintaining spasticity. 

The authors are indebted to Miss Ethel Mary Mathis for photographing the 
records shown in this paper. 

REFERENCES 

1. Berger, F. jM., and Bradi-by, W.: Brit. J. Pharmacol., 1: 265, 1940. 

2. Hennem-vn, E., Kaplan, A., .\nd Unna, K.; This JoijrnaIi, 97: 331, 1949. 

3. Lindsley, D. E., Schreiner, L. H., and Magoun, H. W.: J. Neurophysiol., 12: 197, 

1949. 

4. Tureen, L. L.: Arch. Neurol, and Psychiat., 36: 789, 1936. 

5. Snider, R. S., and Woolsey, C. N.; Am. J. Physiol., 133: 454, 1941. 



THE SYSTEMIC ACTIONS OF TIIIOOLYCEllOL WITH SPECIAL 
KEFEHENCE TO GOITOOGENIC ACTIVITY 

CHAULES J. IvENSLERi and UOBEUT W. ELSNER 

Dcfhirlmciil of Phan}^acolog}J^ Cornell Univcr&iUj Medical College, New York Cilg 
Received for ]>ublicution August 2, 1049 

thioglycerol (TG) lias been used to stimulate wound Iicaling (I) and 
is Used to a small extent as the active ingredient in the cold hair waving process 
(2), there is only limited information available on its systemic actions. Draize, 
Alvarez and Woodard (2) have recently reported on the chronic toxicity of per- 
cutaneously apiilicd thioglycerol in the rabbit and on sensitization pioduced by 
this compound in the guinea pig. 

In the present study, cats, rabbits, rats and mice have been used and the ac- 
tions of 1-thioglyeerol (TG) have lieon compared with those of 1 ,2-dithioglyceroI 
(BAL) and thioglycolic acid (TGA). In acute experiments the actions of TG are 
similar to those of B.VL (3-5) except that it is only \ to -J as active. Repeated 
administration of large doses of TG have been observed to produce milil thyroid 
hyperplasia in rats and rabbits. 

Results. Actdc poisoning. Similar to BAL (3, 4) the intravenous or intra- 
periloneal injection of TG in toxic do.ses produced lacrimation, salivation, hyper- 
cxcitability, tiemors, increased respiration, incoordination and convulsions (mi.xed 
clonic and tonic) in cats (i.v.), rabbits (i.v.), rats (i.p.) and mice (i.p.). Animals 
given fatal doses of TG usually died within six hours. Survivors of LDm doses 
were apparently noimal 24 houi-s later. Application of 09.3 per cent pure TG 
to the clipped' s*Uin of the rabbit and ml indicates that 20 to 25 times as much 
TG is required to produce a systemic cITect as when given by the intravenous 
route. Data on the toxicity of TG are given in tabic 1. Data obtained for the 
cat (4) and the rat (G) indicate that TG is -J and \ as toxic as BAL. 

The effects in animals acutely poisoned witli TG suggested that the mortality 
might be reduced by the use of a central nervous system depressant such as bar- 
bital. The injection of barbital ten minutes after the administration of TG did 
decrease the mortality. In the rat, the injection of 200 mgm./kgm. of barbital 
raised the LDw of TG from 390 mgm./kgm. to 590 mgm./kgm., and 300 mgm./ 
kgm. of barbital raised the LD&o to 700 mgm./kgm. In earlier experiments, 
sodium pentobarbital (30 ingin./Ugm.) was found to raise the LDjo by 20 per 
cent in cats poisoned with BAL (7). 

In contrast to the signs of central neivous system stimulation seen in acute 
TG poisoning, TGA poisoning is cliaracterized by a prolonged period of de- 
picssioii. /Vjiimals given fatal doses usually dicKl between 12 and 36 hours after 
injection although the three cats given a dose of 200 mgm./kgm. died between 
48 and 9G hours after injection. Data on the acute toxicity of TGA are presented 
in table 1. TGA possessed greater toxicity than TG in all species examined. 

* Research Fellow o£ the Committee on Growth, National Research Council. 
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Effect on circulation. TG (i.v.) in small doses (75-100 mgm./kgm.) produced 
a slight rise in the blood pressure of cats anesthetized with 0.5 cc./kgm. of Dial. 
Larger doses (>500 mgm./kgm.) produced an immediate and continuous drop 

TABLE 1 


Toxicity of thioglycerol and Ihioglycolic acid 



THIOCI.YCEROL* 

IHIOGLYCOLIC ACIOf 

No. of ani- 
mals 

Cone. 

LDso 

No. of ani- 
mals 

Cone. 

LDio 



% 

mstn./kgm. 


% 

msfn./kgm. 

RatJ (i.p.) 

48 

48.3 

390 ± 10§ 

22 

53.6 

165 ± 7§ 

Ratf (i.p.) 

13 

6.0 

400 ± 16 




Mouse (i.p.) 

26 

0.7 

340 ± 18 

27 

10.7 

200 ± 13 

Cat (i.v.) 

11 

48.3 

220 ± 10 

5 

53.6 

ca. 175 

Rabbit (i.v.) 

12 

48.3 

250 ± 15 

7 

53.6 

ca. 100 


* In aqueous solution, 
t .‘Vdministered as the ammonium salt, 
t Sherman strain. 

§ Appro.ximate S.E. (method of Miller & Tainter). 



Fig. 1. The Effect op Intravenously Ad.ministebed TG on the 
Tracing) .and the Blood Pressure (Lower Tracing) at ( .., k ■, 

Anesthetized with 0.5 cc./kgm. op Dial 

The blood pressure was recorded by means of a Hurthle manometer and the respiration 
by the method of Pfeiffer and Moore. Timer interval 10 secon s. 


to shock levels. Intermediate doses caused an immediate a , en par 
complete recovery followed by a gradual fall to shock eve . t t-). 

ment is shown in figure 1. The dose used, 500 mgm./^gm., is vice w 

dose and caused the death of unanesthetized cats within one our. n 
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pcriinent, and in other Kiinilar ones» the anesthetized cats survived for two and 
one-half to fotir hours indicating that the antagonism between the barbiturates 
and TG picviously observed in the rat also holds to some extent in the cat. In 
the terminal stages slight liemoconcentnition (8-12 per cent) was observed and 
injected cpineplirinc produced a normal pressor response. Electrocardiograms 
taken throughout the coui'sc of poisoning showed no characteristic abnormalities 
although the heart rate was generally temporarily slowed by large do.ses of TG. 

'rhedata obtained on the clTcet of TGon thecirculation arc similar to those re- 
ported by Chenoweth for HAL (5), and indicate that the circulatory failure is 
not due to a direct action on the heart. In addition, TG in high concentrations 
(4.5 X 10"- M) did not luivc any measurable effect on the force of contraction 
of the isolated papillary muscle (8) of the cat in e.vpcrimcnts ijerformed by 
Dr. Garb. 

TGA (150-200 rngm./kgm.) injected (i.v.) into cats in the form of its am- 
monium salt also caused a rapid fall in blood prctsure to shock levels. In con- 
trast to TG, the survival time of cats was nuirkcdly reduced in cats anesthetized 
with Dial. 

ElTcct on respiration. A typical record of the effect of TG on the rc.spiration 
in the cat is .shown in figure 1. Following the injection (i.v.) of toxic doses of TG 
the respiration gradually incroiiscd in rate ami amplitude. When lethal doses 
were administcrcil, as in figure 1, tlic respiration failed after tlie blood pressure 
had fallen to shock IcvcU. 

Ill contrast to TG, TGA injected as the ammonium salt produced an im- 
mediate severe depression of respiration frequently la.sting for from ten to fifteen 
minute.s. 

Effect on blood sugar, plasma CO 2 capacity and NPX. The i. v. injection of lethal 
amounts of TG (300 rngm./kgm.) into ununesthelizeil oats produced a rapid fall 
in plasma CO 2 capacity (down to 10 vol. per cent) and a rise in blood sugar (up 
to 350 mgm. per cent) and nonproteiii nitrogen (20 per cent). Similar but smaller 
changes were obtained with lower toxic doses. Tlic increase in blood sugar values 
was not an artefact due to circulating TG as measurements eight minutes after 
injection sliowcd only a .small increase, Tlic ^dasma CO 2 capacity was in tlie 
normal range \Yhen measured 24, 48 and 72 horn's after the injection of 200 mgm./ 
kgm. of TG. Tlic nonprotein nitrogen level was slightly above normal at the 48 
hour point. The decreased plasma CO» capacity and increased blood sugar levels 
are similar to those ohscrvc<l in animals poisoned with BAL (3, 4) in which con- 
current measurements of blood pH indicated that BAL produced a meta- 
bolic acidosis (3). 

Cats poisoned with TGA (200 rngm./kgm.), and dying 50 to 92 hours later, 
showed a gradually decreasing plasma CO* capacity* (down to 10 vol. per cent) 
and a gradually increasing NPX (up six fold). 

Effects of repeated administration of TG. The effects of repeated administration 
of TG have been studied in rabbits and rats. TG (7.5 per cent aqueous solution) 
\Yas applied to the clipped skin of nine rabbits six days a ^Ycek for two months. 
Three rabbits were given a dose of 75 mgm./kgm.; three, 150 rngm./kgm.; and 
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three, 300 mgm./kgm. Three additional rabbits served as controls. All four groups 
increased in weight from approximately 1.7 kgm. to 2.6 kgm. At the conclusion 
of the experiment all animals were autopsied. There were no gross abnormalities 
with the exception of local damage (necrosis) at the site of application of TG. 
Microscopic examination of liver, Iddney, spleen, adrenals and thymus showed 
no evidence of tissue damage. Thyroid sections from the rabbits receiving the 
highest dose showed morphologic evidence of mild hyperplasia in agreement with 
the report of Draize (2). As earlier work on the chronic toxicity of BAL (4) in- 
dicated that hemoglobin levels, but not the red cell count, were reduced, blood 
hemoglobin levels were determined on all animals on the 59th day. The average 

TABLE 2 


The goitrogenic action of ihioglycerol in Wislar rats 
(Daily percutaneous application) 


exp’t. 

COMPOUND 

DOSE 

NO. 

HATS 

NO. 

DAYS 

BODY 

WEIGHT 

RANGE 

THYROID WEIGHT 
PER 100 GM. BODY 
WT. 

P' 



mgm.l 

igm. 




nism. 


1 

Thioglycerol (48.3%) 

500 

5 

23 

84-114 

12.6 ± 0.56 

>0.01 


BAL (pure) 

250 

5 j 

23 

08-132 

10.2 ± 0.21 

0.3 


Controls 

— 

4 

23 

76-114 

; 9.3 ± 0.75 


2 1 

Thioglycerol (48.3%) 

600 

5 

14 

84-116 

10.3 ± 0.87 

0.7 


BAL (10% in oil) 

250 

4 

14 

68-126 

9.8 d= 1.0 

0.9 


Controls 

“ 

i 5 

1 1 

14 

88-120 

9.9 dh 0.64 


3 

Thioglycerol (48.3%) 

500 

1 

1 6 

27 

74-134 

10.0 ± .43 

0.01 


Thioglycerol (48.3%) 

200 

4 

27 

112-130 

9.0 ± .62 

<0.1 


j Controls 

— 

6 

27 

84-146 

7.6 ± .65 


4 

Thioglycerol (48.3%) 

100 

8 

27 

118-186 

7.0 ± .35 

0.7 


Controls 

— 

6 

27 

104-174 

6.7 ± .58 



* Calculated by means of the Fisher t test. 


value for the control rabbits was 12.9 gm./lOO cc. and that in the rabbits re- 
ceiving the highest dose was 13 per cent lower. 

In view of the mild thyroid hypei’plasia produced in the rabbit by TG ap- 
plied percutaneously and the report of Graham (9) that the pi'olonged adminis- 
tration of BAL in peanut oil produced thyroid hyperplasia in the rat, the goitro- 
genic action of TG has been studied in greater detail in the rat. The data ob- 
tained on the goitrogenic activity of TG are summarized in tables 2, 3, and 4. 
Gross and microscopic e.xamination of other tissues from the rats used in the 
following experiments has not disclosed anj'’ consistent tissue damage. 

The data obtained when the TG was applied percutaneously si.x days a week 
are summarized in table 2. The application of TG in a dose of 500 mgm./kgni. 
produced a statistically significant (p > 0.01) increase in the thyroid weight- 
body weight ratio when the applications were continued over a 23 to 27 day 



svsti:mic actions op tiiioglyckuol 


1503 


pcrioil but not when applied for only 14 days. Smaller dohcs (100 and 200 mgm./ 
kgni.) weic without ciTcct when applied for 27 days. The percutaneous ap- 


TABLK 3 

The ijoitroijcnic nclion of thioglyccrol in rats 
(latrapcritoncul injection) 



coMj'oesn 

Dt>SC 

h 

5 

a. 

O 

6 

bt lA- 
TION 

Ut 

LAP. 

STKAIV 

rtvvL 

DOO\ 

WT. 

K VAOl. 

im. 

1 88-291 

2S0-394 
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plication of BAL (250 mgm./kgm.) did not significantly increase the thyroid 
weight ratio at 14 or 23 days, although microscopic examination of the 23 day 
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TABLE 4 


The goilrogenic action of thioglycerol in rats 
(Administered in diet) 
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A. Section from the thyroid of a control rat from e.xperiment 1, table 2. Hemato.xylin- 
eosin . Magnification X 300. 

B. Section from the thyroid of a rat from e.xperiment 1, table 2, treated percutaneously 
with TG. Hemato.xylin-eosin. Magnification X 300. 


animals disclosed an increase in the height of the epithelial cells and some evi- 
dence of colloid depletion. 

The photomicrograph shown in figure 2 illustrates the thyroid changes pio- 
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duccd by TG; they resemble those described for the sulfonamides and thiourea 
by the MacKenzies (10) and by Astwood (11). 

The data obtained following the intraperitoneal injection of TG she days a 
week are sununarized in table 3. No significant increase in the thyroid weight- 
body weight ratio was obtained with TG administered by this route although 
there was morphologic evidence of mild hyperplasia in the TG treated rats from 
e-Yperiments 1, 2, 3 and 7. In e.Ypcriment 5 the injection of 100 mgm./kgm. of 
TG three times daily failed to produce a significant increase in the thjToid weight, 
whereas the injection of 37 mgm./kgm. of tluourea in the same manner did. This 
dosage regimen of thiourea was used as the MacICenzics (10) had fomid it effective 
in their original demonstration of the antithjToid action of thiourea. This ex- 
periment was repeated (experiment 6) with the animals maintained on a purified 
diet Imviiig the following composition: casein, 18 per cent; glucose, 73 per cent; 
com oil, 5 per cent; salt mix (McCollum .t(51), 1 per cent. To each kilogram of 
this diet the following vitamins were added: riboflavin, 10 mgm.; thiamine, 3 
mgm.; pyridoxine, 2.5 mgm.; calcium pantothenate, 7 rogm.; choline, 30 mgm.; 
and 5 drops of cod liver oil. This diet was prep.arcd in an attempt to lower the 
iodide intake of the rats, as MacKcnzie (12) had found that a low iodide diet 
augmented the increase in thyroid weight obtained with low levels of thiourea 
and thiouracil. However, although a more significant increase in thyroid weight 
was obtained with tliiouroa, a significant increase in thyroid weight was not ob- 
tained with TG. 

As the failure to obtain a significant increase in thyroid weight when TG was 
administered intraperitoneally in aqueous solution may bo duo to the failure 
to maintain an effective concentration of TG for sufficiently long periods, TG 
(230 mgm./kgm.) was administered in peanut oil (experiment 7) in an attempt 
to secure a more prolonged action. No significant increase in thyroid weight was 
obtained. Similar e.xperiment3 with BAL (50 mgm./kgm.) and TGA (75 mgm./ 
kgm.) also yielded negative results. 

As thiourea and tliiouracil c.xert maximal antithyroid effects when they are 
incorporated in the diet, thiourea, thiouracil, TG, and TGA have been admin- 
istered in tiffs manner. The stability of TG and TGA in the mixed diets has not 
been determined but in an attempt to minimize losses due to their auto-oxidation 
these diets were prepared two to three times weeldy and kept refrigerated. As 
expected, both thiouracil (0.1 per cent) and thiourea (0.1 per cent) produced 
significant increases in the thjToid weight (p > 0.01). TG (0.3 per cent) pro- 
duced a small, but sigiffficant (p > 0.05), increase in thyroid weight but TGA 
(0.1 and 0.3 per cent) did not. In experiment 1 the purified diet described pre- 
viously was used. 

The results indicate that although TG possesses some goitrogenic activity it 
is much less active in'the rat than either thiouracil or thiourea. 

Discussiox. The toxic actions of TG, unlilce those of some other compounds 
structurally closely related to BAL (13), resemble those of BAL with respect to 
signs of central nervous system stimulation and the effects on blood pressure, 
respiration and blood sugar and plasma COj rapacity. However, the degree of 



356 


CHARLES a. KENSLER AND ROBERT TV. ELSNER 


hemoconcentration observed in cats injected with TG was much lower than that 
reported for BAL (5). Although TG temporarily slowed the heart rate, this ac- 
tion was not as marked. as that observed with another compound related to 
BAlL, BAL ethyl ether (13). 

The actions of TGA differ from those of BAL and TG in that it has a primarily 
depressant action. However, TGA like BAL and TG, in toxic doses produces 
a severe fall in blood pressure and an acidosis. The data obtained suggest that 
TG and TGA, like BAL (5), produce circulatory failure because of effects on the 
peripheral vascular bed rather than by a direct action on the heart. 

The most interesting feature of the study of the effects of repeated admin- 
istration of TG, TGA and BAL was the observation that large doses of TG 
applied percutaneously or mixed with the diet produced a significant increase 
in the weight of the thyroid gland of the rat. The failure to obtain this increase 
when TG was administered intraperitoneally is presumably due to the failure of 
TG administered by this route to reach the thyroid in a sufficiently high con- 
centration for a long enough period of time. However, even when TG was ad- 
ministered by this route there was morphologic evidence of mild thyroid hyper- 
plasia. BAL in the present series of experiments produced morphologic evidence 
of thyroid hyperplasia but no significant increase in thyroid weight although 
Graham (9) foimd an increase in thyroid weight when BAL was repeatedly ad- 
ministered to rats. The failure to detect any goitrogenic action of TGA is in 
agreement with the results obtained in the rabbit by Draize and coworkers (2). 

SH derivatives of glycerol provide the first example of simple SH compounds 
possessing goitrogenic activity. TGA is added to the list of inactive compounds 
which includes cysteine and glutathione (14). 

SUJBIARY 

1. Acute poisoning by thioglycerol resembles that produced by BAL, but not 
that produced by thioglycolic acid. 

2. Barbital decreases mortality in rats poisoned with thioglycerol. 

3. Thioglycerol when administered repeatedly in large doses possesses weak 
goitrogenic action in the rat and rabbit. Thioglycolic acid possesses no detectable 
goitrogenic activity. 
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Sodium phenol tetrabromphthalein sulfonate (BSP) is one of several phthalein 
dyes which are eliminated almost exclusively from the blood stream by the liver. 
The rate of BSP removal from the blood after intravenous administration of 
BSP has been widely used in clinical studies of liver disease. The underlying 
physiological mechanisms are, however, little understood at present. 

Comparison of the rate of disappearance of BSP from the blood with its ex- 
cretion into the bile has showm that in the dog these two phenomena can be 
dissociated to some degree (1-3). Embryological studies on Amblystoma have 
demonstrated dye uptake by the liver prior to the appearance of the ability to 
form bile (4). 

Such observations suggest that the removal of BSP from the vertebrate body 
can be analyzed and studied e.xperimentally in terms of two separable phases: 
(1) removal from the blood stream and (2) excretion into the bile. Such an ap- 
proach holds promise of at once clarifying certain fundamental phases of liver 
physiology, and of helping to provide a clearer evaluation and more rational ap- 
plication of the dye in the study of liver disease. The present paper is concerned 
with uptake of BSP by rat liver slices or by perfused rat livers in the absence of 
bile formation. It was proposed to study conditions which affect BSP uptake, 
to describe a mechanism which could account for the handling of BSP by the 
liver in vivo, and to furnish a basis for the study of biliary excretion of the dye. 

Methods. Recrystallized sodium phenol tetrabromphthalein sulfonate, ’ (max) = 
783 (pH 10, in aqueous solution, at 5787 A) was used in all experiments. Crystalline bovine 
plasma albumin^ was used where a protein was added to the solutions. 

BSP determinations were carried out by an adaptation of a method previously described 
(5) to a micro Evelyn colorimeter; a 10 mm. plunger cell and 5800 A filter were used. Beer’s 
law holds between optical densities of 0.04 and 0.5. To correct for the presence of protein the 
use of appropriate blank and standard determinations was found satisfactory. 

Albino rats of a modified Sprague Dawley strain maintained on a diet of Purina Labora- 
tory Chow were used. Except where stated otherwise, males weighing between ISO and 230 
gm. were employed. 

I This work was supported by a grant from the Research Grants Division of the U. S. 
Public Health Service. 

’ This work was reported in part at the meeting of the Federation of American Societies 
for Experimental Biology and Medicine, March, 1948. 

5 Made available through the courtesy of Hynson, Westcottand Dunning, Inc., Baltimore, 
Maryland. 

* Supplied through the courtesy of Dr. J. B. Lesh of Armour and Company, Chicago, 
Illinois. 
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Tiaauo slice experiments were performed on livers obtained from rats fasted for four 
hours previously and killed by a blou* on the head. Slices 0. j mm. tiuck were cut on a Studio 
Riggs microtome (6) and placed for ten minutes into a largo volume of oxygenated Krebs 
solution (7) agitated at 3S* C. The slices were transferred to Warburg flasks containing 2 
cc. of media, attached to manometers and shaken at 110 strokes per minute in a constant 
Icmperaluro bath under 100 per cent oxygen. Changes of supernatant media were carried out 
outside tho constant temperaturo bath in less tliau Uvo minutes in each ease. 

Liver perfusions wero carried out under sodium pentobarbital anesthesia through a 
cannula inserted into tho portal vein after ligation of all tributaries ccphalad to the superior 
mesenteric vein. PcrfiLSion was established prior to the occlusion of the hepatic artery, an 
outflow being secured by tho incision of the caudal end of the inferior vena cava. Experi* 
ments were rejected if a period longer than ninety seconds intervened between closure of the 
portal vein and establishment of perfusion flow. The perfusate was collected by means of a 
plastic catheter inserted into the thoracic inferior vena cava pointing caudad. A ligature 
tied around the vena cava below the liver closed the temporary outflow at this time. Locke’s 
solution (8), buff*cd with bicarbonate was aerated with 5 i)er cent CO: — 95 per cent 0* to 
maintain a pll of 7.4, passed through warming coils, and delivered to the vena porlu at 33* C. 
Inflow rates ucrc controlled by a tunnel clamp and drop counter, inflow pressure was 
recorded in millimeters of Locke’s solution above the level of the porta heparis bj* means of 
a manometer attached to the inflow cannula. The outflow oriflcc was maintained at 0 mm. 
of this same scale. Tho liver was protected by a vinylito drape except for one lobe (usually 
the left or medial) exposed through a slit for periodic collection of samples of transudate 
appearing at tho surface of tho liver. This was accomplished by means of tissue paper gently 
applied to blot off tho fluid, and squeezed out into a test tube. Tho lobe was covered by an 
additional drape between collections. 

In rmo studies were carried out under sodium pentobarbital anesthesia. Injections were 
made into tho exposed femoral vein and blood samples collected by heart puncture. 

Dialyses were carried out at 40* C. in Visking sausage casing bags containing 5.0 ce. of 
material, placed into test tubes containing 30 cc. of saline or other solution. Using a slowly 
rotating test tubo rack a period of two da^'s was found adequate to assure equilibrium. 

Results. I. Uplake of DSP by Rat Liver Slices. Rat liver slices incubated 
with solutions containing BSP take up considerable amounts of the dye, mcas* 
ured conveniently in terms of tlic reduction of BSP concentration in the super- 
natant after incubation. Unless stated othenWse, the following data are based on 
solutions containing 50 mgm./l, of BSP initially, incubated under the conditions 
outlined under e. below. 

a. Time of incubation. Equilibrium is always reached within ten minutes at 
38® C., no further change of dye distribution is observed on lengthening the 
period of incubation up to GO minutes. 

b. Temperature. Between 23 and 49® C. dye uptake is independent of temper- 
ature. At 10® C. dye uptake after 20 minutes is significantly smaller than at 
higher temperatures; thus, the concentration of BSP in the supernatant in a 
typical experiment was reduced to 22.0, 21.2, 21.0 per cent of the initial value at 
22, 38, and 49® C., respectively, but only to 27.5 per cent at 10® C. 

c. pH. Using phosphate buffers, BSP uptake is independent of pH over a 
range from pH 5.0 to 8.5. In ammonia buffer, too, BSP uptakes at pH 7.4 and 
8.5 do not differ significantly. Using acetate buffer, however, low* pH results in 
a markedly enhanced BSP uptalve. Thus, at pH 5.0, 11.0 per cent of the initial 
BSP concentration remains in an acetate buffered supernatant, compared with 
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20.1 per cent in phosphate buffer, and 21 .2 per cent and 21. 9 per cent, respectively, 
in phosphate and acetate buffers at pH 7.4. 

d. Tissue io solution ratio. The amount of tissue added to the incubating me- 
dium does not measurably affect the concentration of dye in the supernatant 
after equilibration, if the tissue amounts to more than 5 per cent of the solution. 
Thus, 33.2, 34.5, and 33.4 per cent of BSP remained in 2 cc. of supernatant on 
incubation with 0.15, 0.62 and 0.99 gm. of tissue, as against 75.3 per cent when 
0.035 gm, of liver only were used. 

e. Standard conditions for incubation experiments were selected on the basis 
of these findings as follows: 0.3 to 0.5 gm. tissue are incubated for 20 minute 



NUMBER OF SUCCESSIVE CHANGES OF INCUBATION MEDIUM 
CONTAINING 100 Mqm B.S.R/L 

Fig. 1. BSP Upt.\ke bt Liver Suces on Incubation with Krebs Solution Containing 
100 mgh./l BSP Under Standard Conditions {See Footnote foe Results, I. e.). 

I /////////// 1 per cent BSP taken up from each solution; O O cumulative amount of 

dye removed from supernatants; dye recovered from liver slices at end of e.vperi- 

ment. 

periods in 2.0 cc. of phosphate buffered medium, pH 7.4, at 38® C. under 100 
per cent CO 2 . 

f. Repetitive incubations. The tissue to solution ratio can be changed not only 
directly, as above, but also by transferring the slices after equilibration with one 
supernatant to a fresh solution, and repeating this process several times. Figure 1 
shoB's the result of such an experiment involving sixteen transfers. The very 
gradual decline of BSP uptake, especially during the first four transfers, has been 
seen in every one of over 100 experiments of this type, and confirms the ob- 
servation that the BSP concentration in the supernatant at equilibrium is but 
slightly dependent upon the concentration of dye within the tissue. This experi- 
ment also shows that the capacity of the tissue for BSP is limited; saturation 
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becomes evident after four transfers, and dye uptake almost ceases after fifteen 
transfers. 

g. Recovery of BSP. Figure 1 also shows tlio final recovery of BSP from the 
incubated liver slices. In five such experiments, recoveries ranged from 90.2 to 
9S.5 per cent, averaging 90.3 per cent of BSP talten up. Dye recovered from 
liver slices cannot bo separated from BSP on a chromatographic column (;UiOa, 
H:0 — acetone — JJaiSOj development) (9). 

h. BSP concentration. Slices incubated with solutions containing 5.0, 10.0, or 
50.0 mgin./l. of BSP take up BSP in the same pattern: the proportion of original 
dye remaining in the supernatants is not dctcctably dependent on dye concen- 
tration within tlus range during the first four transfers. Thus, in a typical ex- 
periment 20.1, 25.2 and 20.2 per cent of dye remained in supernatants containing 
initially 5, 10, and 50 mgm./l. BSP after the first incubation, and 30.1, 30.0, 28.5 
per cent after the fourth. .-Vt higher concentrations, however, saturation of the 
tissue becomes manifest even in the first few transfers. Thus, in the experiment 
quoted, incubation of slices with solutions containing 100 mgm./l. and 1000 
ragm./l., respectively, 20.5 per cent and 12.3 per cent BSP remained in the first 
supernatants, and 412 per cent and 73.4 per cent in the fourth. 

i. Comparison of liver slices. If several samples of liver slices from one rat are 
compared with respect to their BSP uptake, agreement of results within=b5 per 
cent is generally obtained. Much wider differences are observed if slices from 
different atrimals are compared. Thus, the range of BSP remaining in the super- 
natants (50 mgm./l. BSP initially) was 10-29 per cent for the first and 28-47 
per cent for the fourth transfer in a series of ten male animals of the same breed, 
and nearly the same age, weight, and dietary Iristory. 

j. The effect of bovine plasma albumin. The uptake of BSP by liver slices is 
diminished by addition of protein to the incubation medium. Figure 2 shows that 
at low albumin concentration the initial dye uptake decreases in proportion to 
the decrease of chemical potential of the dye in the protein solutions. This de- 
crease of chemical potential (p) results from formation of protein-dye complexes. 
For present purposes, p is assumed to be proportional to the logarithm of the 
concentration of dialyzablo dye if the final BSP concentration inside the bag is 
50.0 mgm./l. At higher protein concentrations dye uptalce decreases more slowly 
than suggested by the above relation; at 5 per cent albumin, BSP uptake of the 
order of 0 to 8 per cent is still observed. 

As the proportion of BSP not associated with protein decreases, saturation 
phenomena become very prominent. At albumin concentrations above 0.2 per 
cent or free BSP below 5 per cent virtually no BSP is taken up after the first 
change of incubation solution. 

Similar effects can be produced by the addition of rat serum to the incubation 
media — 1 gm. of serum protein is roughly equivalent to 0.8 gm. of albumin in 
this general picture. 

k. Effect of anoxia and of various enzyme poisons. Liver slices in an atmosphere 
free of oxj'gen (N:) take up as much BSP as slices from the same animal in- 
cubated under Oj. Various enzyme poisons added to the incubation media simi- 
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larly do not reduce the dye uptake in comparison with control slices incubated 
imder standard conditions. The substances tested include CN~ [0.08 ilf (five rats) 
and 0.16 M NaCN (three rats) replaced an equivalent amount of NaCl in the 
preparation of Krebs solution; 1.0 N HCl was added to bring the mixture to 
pH 7.4]; Hg^ (0.001 M — four rats), Fs” (0.05 Jlf in calcium-free ICrebs solution 
— four rats; in normal mediiun — three rats). These results w'ere obtained in each 
case in media containing 1.0 gm./l. of bovine plasma albumin, as well as in pro- 
tein-free Krebs solution. 



too Do/Di 
o/oM6UM\U 


Fig. 2. BSP Uptake by Liver Slices from Solutions Containing 50 mgm. BSP/l. as a 
Function op AuBUiiiN Content or of Percentage op non Protein-bound 
Dvb (Aver.age of Five Experiments) 

Do/Di — ratio of non protein-bound dye to total dye present in the incubation solu- 
tions. 

1. CCh poisoning; India ink. In the intact rat, the rate of removal of BSP from 
the blood stream is readily reduced by the administration of CCh in doses that 
will produce an acute toxic hepatitis. Table 1 shows that under the conditions 
chosen, ten minutes after BSP administration the blood dye concentrations aver- 
aged nearly twice as high in the CCh treated series of animals, male as well as 
female, as in the untreated control group. Similarly, reduced BSP clearance is 
observed within 30 minutes after the intravenous administration of India ink 
to intact rats. 

In vitro, the effect of India ink can be studied by the following expedient: 
One liver lobe is removed after ligation from an anesthetized rat, and slices pre- 
pared and incubated as usual. India ink (0.2 cc. in 0.8 ce. 0.9 per cent NaCl) is 
then injected into a femoral vein and, after 30 minutes, the remainder of the 
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liver removed, sectioned ami incubated with BSP. The dye uptakes of the original 
and the India ink treated lobes can be compared directly, in view of what was 
said above under i. In live such e-xperiments, BSP uptake from Krebs solution 
without proteins as well as with addition of 0.5 and 2.0 gm./l. of bovine plasma 
nlbiunin, did not show significant differences between the control lobe and the 
India ink treated lobes. Typical values of BSP rcmauiing m the first supernatant 
are 18.2 and 18.1 per cent for control, respectively, India ink lobes in the absence 
of albumin, 02.5 and 59.2 per cent in solutions containing 2.0 gm./l. of albumin; 
values for the fourth supeniatnnts are 30.2 per cent and 2S.9 per cent, in Krebs 
solution, and 00.5 per cent and 91.5 per cent in 2.0 gm./l. albumin. 


TABLE 1 


Hhod phstiia DSP concentrations tO minutes after the t.r. administration of DSP 
(50 mgm./Ljm. body u'fight) to normal rats, and to India ink or CClt 
injected rats (35 mgm./hjm. t.p. sodium pentobarbital anesthesia) 
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j COVTSOLS j 

1 cell TlUTC&i 

Xu. of male rat.i 

Averago weight . . 
ria.^nmB.SP- . . . 

ds St. d. ni.K. 

10 

21S.0 

2SA ± 1.1 

10 

2S4.1 

50.i d: 0.2 



Xo. of fomali* raU. 

.Average weight.. 

Plasma USB* 

d: St. d. m.^ 

10 

2U7.0 

30.r> d: 2.9 

10 

205.0 

OS.Od: 1.9 

10 

215.1 

31.0 d: 2.0 

10 

100. -1 

56.0 d; 4.S 


• 750 uigui. 13S1V1. of blood plasma - 100. 

1 1.0 cc. of 0.9 per centXaCl was injected into tbo femoral vein 30 minutes before BSl*. 

1 0.2 cc. of Higgins India Ink was injected into the femoral vein 30 minutes before BSP 
iu O.S cc. 0.9 per cent XnCl. 

§ 0 5 cc. of CCI4 per kgin. body weight was injected i.p. on each of the two days pre- 
ceding the u.'(pcrimcnt. 

? Standard Deviation of Iho Mean. 

A direct test of this kind cannot be made in tlie case of CCI« poisoning. Sta- 
tistical comparison of series of animals failed to show significant dilTerenccs be- 
tween normal imd CCU treated rats with respect to BSP uptake of slices from 
their livers. As an example, the ranges of BSP in the first and fourth incubation 
supernatants (no albumin) may be quoted: CCIj treated (8 rats) 14-2-i per cent, 
mean 18.7 per cent, control (10 rats) 10-29 per cent, mean 22.G per cent, and 
. CCb treated 22-42 per cent, mean 31 .7 per cent, controls 28-17 per cent, mean 
37 .G per cent. Similar results were obtained in the presence of 0.5 and 1.0 ^./l. 
of albumin. 

m. Sex differences. Table 1 sliows that tn vivo more rapid BSP clearance is 
obtained in male than in female rats. A se.\ difference could not be detected on 
analysis of the data for dye uptake of liver slices, nor was it observable iu the 
perfusion experiments reported below. 
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n. Uptake of BSP by tissues other than the liver; arid of related phthalein dyes 
by liver slices. Table 2 shows that slices from all tissues tested show some ability 
to take up BSP, although none quite equal the capacity for BSP uptake ex- 
hibited by liver. Comparison of various other phthalein dyes with BSP is not 
too readily accomplished because of the relative insolubility of many of these 
compounds. However, the figures shown in the second part of table 2 show that 
all dyes but one are taken up to a considerable extent by liver slices, and that 
the one that is hardly taken up by the tissue is also less finniy bound by bovine 
plasma albmnin than the rest. 


TABLE 2 


The uptake of various phthalein dyes by liver slices, and of BSP by various tissue slices 




PZK CEXT DYE SEltAXOTKO AttEZ:‘ 



1 

4 

1 

1 4 changes 


Krebs solution 

100 mgm. albumin per 

Krebs solution 

50 mgm./I. BSP with; 

Diaphragm 

j 

29.3 

50.3 

53.6 

so. 4 

Heart 

27.7 

37.7 

51.7 

74.8 

Kidney 

27.7 

43.8 

61.2 

87.3 

Lung 

39.0 

64.1 

70.7 

S6.6 

Spleen 

39.2 

65.3 

61.5 

90.2 

Intestine 

39.7 

63.1 

52.3 

78. 8 

Liver 

27.1 

2S.S 

37.3 

62.6 

Liver slices with 10 mgm./l. of: 

BSP 

26.1 

36. S 

Relative 1 
bovine 
buniinf 

> 

i 

undingf by 
plasma al- 

90 

Phenolphthalein 

24 

32 

>70 

Phenoltetra broinphthaloin 

34 

33 

>60 

Phenolsulfonphthalein 

81.3 

85.4 

<20 


* Conditions of incubation same as indicated under Eesuffs, I.d., e.^cept for use of diSer- 
ent materials as shown. 

tPercentof dye non-dialyzablo from solution containing lOmgm. of dye and 100 mgm. 
albumin/l., pH 7.4. 

II. The Uptake of BSP by Perfused Rat Livers. Rat livers perfused with 
Locke’s solution remove BSP from perfusate as well as transudate. 

a. Flow rates. Within the limits of perfusion rates set by the mechanical con- 
siderations mentioned under methods, BSP uptake remains constant for 45 to 
60 minutes, and is independent of flow rate. 

b. Damage to vascular bed. The vascular system of perfused livers may be 
damaged by transient excessive inflow pressures (more than 100 mm. Locke’s) 
with histologically demonstrable vessel disruption, or by embolism. The latter 
condition results if either air, or India inlc diluted in saline are injected directly 
into the perfusion cannula, or, in non-heparinized rats, if the period of portal 
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in these cases. At 50 gm./l. of bovine plasma albumin the earlj’- period of marked 
dye uptake is too short to be reliably observed. The ratio of BSP concentration 
in the transudate to that in perfusate at the same time are indicated to the right 
of table 3. The transudate-perfusate BSP ratios without exception are greater 
than one. The high initial values of this index decrease during perfusion, and, as 
saturation phenomena become marked, the ratio approaches 1.0. Preparations 
damaged by excessive inflow pressure, or embolism, frequently show transudate- 
perfusate BSP ratios below 1.0. 

d. The effect of CCh poisoning, India ink, and cyanide on BSP uptake by per- 
fused rat livers. Livers from rats, pretreated with CCh or with India ink in the 
same fashion as those of table 1, were perfused with protein-free or protein-con- 
taining (1.0 gm./I. albumin) solutions, 50 ragm./l. of BSP. A series of normal 
rats were perfused with solutions of the same BSP and albiunin contents, but 
containing 0.15 M NaCN in place of an equivalent amount of NaCl, and brought 

TABLE 4 


BSP uptake by rat livers and rat hindleg perfused with solutions containing SO mgm./l. BSP 



PEH CEKT BSP IS PESrUSATE APTER: 

^’ 0 . or AJmXALS 1 

^linutes 


10 

20 

30 

45 

Liver 

10 

4.3 

5.2 


8.3 


1. 1-7.3 

1.1-12 j 


7.6-14 

Hindleg 

3 

38.2 

51.5 

62.1 

84.4 


33-45 

45-5S 

5S-66 

75-97 


to pH 7.4 with 1 N HCl. The results of these e.xperiments, involving series of 
five or more animals for each tjqie of perfusion, ma}' be summarized as follows: 
In all cases, and at all time intervals used, the range of BSP concentration in 
transudates and perfusates, observed with the CCh, India ink, or CN~ series, 
fell within the normal ranges seen previously. The mean values of BSP con- 
centrations, in all but one case, did not differ significantly from the corresponding 
control values. The exception was the series of CCh pretreated rats perfused with 
50 mgm./l. BSP— 1 gra./l. albumin. Here, values of perfusate and transudate 
BSP dm-ing the first 20 minutes of perfusion clustered around the upper end of 
the normal range jdelding mean values of 25.3 and 36.3 per cent of initial BSP 
in the perfusates at 10 and 20 minutes, and a transudate BSP of 50.5 per cent 
at 10 minutes. The remaining values in this case, too, do not differ significantly 
from the controls. 

Table 4 shows a comparison between the BSP uptake of the perfused liver, 
and the hind legs of rats perfused through the aorta. The tissue to perfusion- 
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in these cases. At 50 gm./l. of bovine plasma albumin the early period of markei 
dye uptake is too short to be reliably observed. The ratio of BSP concentratioi 
in the transudate to that in perfusate at the same time are indicated to the righ 
of table 3. The transudate-perfusate BSP ratios without e.vception are greate 
than one. The high initial values of this index decrease during perfusion, and, a 
saturation phenomena become marked, the ratio approaches 1.0. Preparation 
damaged by excessive inflow pressure, or embolism, frequently show transudate 
perfusate BSP ratios below 1.0. 

d. The effect of CCU poisoning, India ink, and cyanide on BSP uptake by per 
fused rat livers. Livers from rats, pretreated with CCh or with India ink in th^ 
same fashion as those of table 1, were perfused with protein-free or protein-con 
taining (1.0 gm./l. albiunin) solutions, 50 mgm./l. of BSP. A series of norma 
rats were perfused with solutions of the same BSP and albumin contents, bu 
containing 0.15 M NaCN in place of an equivalent amount of NaCl, and brough 

TABLE i 


BSP uptake by rat Hears and rat hindleg perfused with solutions containing SO mgin./l. BSl 


1 

PEE cent BSP m peepusaie aptee: 

NO. OF ANIMAIS I 

Jliautes 

1 

10 

20 

30 

1 

Liver 

10 

4.3 

5.2 

4.9 

1 8.3 


1. 1-7.3 

1.1-12 

1.2-12 

7.6-14 

Hindleg 

3 

38.2 

51.5 1 

62.1 

S4.4 


33-45 

45-58 j 

1 

58-66 

; 75-97 


to pH 7.4 with 1 N HCl. The results of these experiments, involving series of 
five or more animals for each type of perfusion, may be summarized as follows: 
In all cases, and at all time intervals used, the range of BSP concentration in 
transudates and perfusates, observed with the CCU, India ink, or CN" series, 
fell within the normal ranges seen previously. The mean values of BSP con- 
centrations, in all but one case, did not differ significantly from the corresponding 
control values. The exception was the series of CCli pretreated rats perfused with 
50 mgm./l. BSP — 1 gm./l. albumin. Here, values of perfusate and transudate 
BSP dm'ing the first 20 minutes of perfusion clustered around the upper end of 
the normal range 3 delding mean values of 25.3 and 36.3 per cent of initial BSP 
in the perfusates at 10 and 20 minutes, and a transudate BSP of 50.5 per cent 
at 10 minutes. The remaining values in this case, too, do not differ significantly 
from the controls. 

Table 4 shows a comparison between the BSP uptake of the perfused fiver, 
and the hind legs of rats perfused through the aorta. The tissue to perfusion- 
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2). This observation is in keeping with the concept advanced above, since all 
tissues contain intracellular proteins. In vivo, cxtrahepatic BSP uptalce can be 
observed whenever high plasma levels of BSP are present, and result in spurious 
BSP clearances (12), or incomplete recoveries in the bile of the material in- 
jected (13). 

While different tissues show relatively slight differences of BSP uptake on in- 
cubation, on perfusion the liver proved to be a much more effective BSP ex- 
tractor than hind-lhnbs or heart. Thus, efficient BSP removal by the liver ap- 
pears to depend on the flow of perfusate through the organ rather than on an 
imusual “inherent affinity” for the dye. Further light is shed on the importance 
for BSP uptake of the hepatic vascular organization by the following obser- 
vations: 

Wkile low BSP concentrations prevail in the perfusates, transudates collected 
at the same time have BSP concentrations considerably higher, and in fact rather 
close to those observed in incubation supernatants imder the same conditions 
(e.g., using 50 mgm./l. BSP) BSP remaining in first incubation supernatant is 
22.6 per cent, in perfusate (first 10 minutes) it is 4.3 per cent, and in transudate 
at the same time it is 17.7 per cent; in the presence of 1.0 gm./l. of albumin the 
values are 56.9, 13.6 and 44.9 per cent, respectively. Disruption of the normal 
circulatorj’- pattern by embolism or by transient excessive inflow pressures, was 
found to be the most effective way of abolishing the efficiency of BSP extraction 
by the perfused liver. 

The results shoAV that BSP is removed efficientb’’ only from perfusates which 
follow the normal circulatory pathway. Transudate follows a random path across 
the liver; perfusate after disruption or blocking of its normal pathway finds al- 
ternative paths to the hepatic veins. In either case BSP concentrations remaining 
in the fluids are as large as (or even larger than) if tissue and solution had been 
equilibrated with no flow. This behavior suggests comparing the perfused liver 
to a multiple plate fractionating device, the successive plates of which are repre- 
sented by successive portions of liver tissue, operating at everj' decreasing BSP 
concentration. Since BSP uptake by slices is proportional to the initial con- 
centration an “equivalent number of theoretical plates” can be calculated; the 
perfused liver usually has an effectiveness of slightly above 3.0 plates. Such a 
model depends on orderly flow of the medium, and shows saturation with de- 
creasing transudate-perfusate BSP ratios, and relative independence of flow rate 
and efficiency. 

BSP uptake in the intact animal differs from that observed in these experiments 
in two major ways: (1) In vivo uptake from plasma continues for considerable 
periods of time, while the liver perfused with solutions of comparable protein 
content is “satizrated” in a few minutes; and, (2) Several agents which affect 
BSP uptake in vivo fail to do so in vitro. These points will be discussed in detail 
elsewhere (13). Continuous BSP uptake by the liver can be obtained only if 
biiiarj'’ excretion of the dye functions normally. Thus, while coupling of BSP 
uptake and of the energy requiring excretion of the dye is loose, it is detectable 
under conditions of extended BSP supplj'' to the liver. The second point appears 
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to bo linked to the fact that in rivo agents such as CCh or India ink induce verj- 
marked demonstrable circulator}’ changes (14, 15), which for various reasons 
(e.g., absence of innciwation and vasomotion in the perfused livers, perhaps lack 
of erythrocytes in medium) arc not obserr-ablo in the perfused organ. 

With these limitations dye uptake by the perfused liver during the early period 
preceding saturation amounts to about 15 per cent from 5 per cent albumin. 
Direct data for the intact rat are not yet available; in the dog the concentration 
of BSP in hepatic venous blood is 15 to 10 per cent [see e.g. (11)] lower than in 
the portal venous blood. In the rat slightly lower values would bo expected on the 
basis of the rates of dye clcanance. These figures indicate that the dye uptake 
observed in vitro is of a magnitude companable with that observed in rivo. 

The unique position of the liver in re-Ticct to BSP elimination from the blood 
stream, in view of the findings reported here, appears not to bo based on a special 
affinity for the dye by the tissue as a whole, or siiccial cells within it. Rather 
the circulatory arrangement allowing for the multiple plate effect discus.scd above, 
and the abilit}’ of the liver to “desatumte” itself by reexcreting into bile taken 
up, render the liver a much more cfTcctive BSP extractor than any other organ. 

suMM.vnv 

1. Rat livers can take up bromsulphthalein 03SP), cither on perfusion or on 
incubation of tissue with solutions containing BSP. 

2. BSP uptake proceeds unabated in the presence of CK~, pr, Ilg^ ions, 
and hence does not appear to involve metabolic reactions. 

3. Dye taken up by the tissue can be recovered to the extent of 90 to DS per 
cent in a form indistinguishable from BSP. 

4. Other tissues arc capable of taking up BSP on incubation nearly ns actively 
as liver slices. However, the liver is much more cflcctivo than hindlimbs or heart 
in removing BSP from solutions perfused through the organ, 

5. In the perfused liver, very efficient extraction of BSP is observed only from 
perfusate that has followed the norm.al circulatory path; transudate, or per- 
fusate collected after damaging the vascular system of the liver by embolism 
or excessive inflow pressures have BSP concentrations that are ns high ns those 
of incubation supernatants. 

G. cell poisoning or India ink injections, while reducing BSP clearance in vivo, 
do not significantly affect BSP uptake by liver slices or by perfused livers. 

7. In the presence of bovine plasma albumin, BSP uptake in vitro is reduced 
in comparison with protein-freo media. Saturation of dye uptake also is obsciwed 
sooner under these conditions. Livers perfused with 5 per cent albumin solutions, 
will remove about 15 per cent of BSP from the perfusion solution during the first 
ten minute period. 

8. Uptake by liver slices of other phthnlein dyes has been studied. Phenol- 
Bulfonphthalein is the only one of these poorly taken up; also, it alone is but 
slightly bound by bovine plasma albumin. 

9. The data have been discussed from the points of view of the mechanism 
of dye uptake, the structural factors underlying the efficient BSP uptake by tbe 
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perfused liver, and the relation of the dye uptake in viiro to phenomena in the 
intact animal. 

It is a pleasure to aclcnowledge the able assistance of Mr. Nicholas Nicosia who 
carried out many of the perfusion experiments, and of Miss Neysa Phares who 
assisted with some of the analyses. 
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THE TOXICOLOGIC PROPERTIES OF N,N-DIMETHyL-N'-(3- 
THENTX)-X'-(2-P'iTlIDYL)ETHYLENEDIAlirNE HYDROCHLORIDE 
(THEXFADIL): A XEW ANTIHISTAMINIC DRUG 

JAMES 0. HOPPE AND A. M. HANDS 
Bioiogij Division oj ths SUrlinQ-Winlhrop licscarch Inslituie, Rensstlacr, New York 
Kcccivcd for publicAtion August 8, 1919 


In general, the active nntihislaminic compounds fall into two main classes; 
ethers and amines. Diphenhydramine is a representative of the first, whereas 
tripolennaraino is a representative of the second class. X,N-dimcthyl-N'-(3- 
thcnyl)-N'-(2-pjTidyl)cthyIcncdiaminc (WIN 284S)‘ has two heterocyclic sub- 
stituents. It differs from tripclcnnamine in that a 3-thcnyl group is substituted 
for tlie benzyl group: 



CH, CH. 

WIN 2848 (Thonfadil) Tripelcnnamine 



Diphenhydramine 


The pharmacologj’ and antihistaminic properties of WIN 2848 have been 
described by Lands ct al. (1). Luduena and Ananenko (2) found tliis compound 
to bo quite effective in relieving the characteristic histamine skin reactions when 
both drugs were applied to the intact human skin. The toxicity of antihistaminic 
drugs in e.xperimcntal animals is characterized mainly by violent excitement and 
convulsions followed by prostration (3-H). In contrast to this, the clinical man- 
ifestations of toxicity usually include drow6incs.s, lassitude, headache, nausea and 
dizzine.ss (12-14). MTiile the toxicity sj-mptoms in animals do not appear to re- 
semble those obseta'ed in man, they do emphasize the need for caution in the 


‘ WIN 2818 Uaa been given the trade name ‘ThenfadiP by Winthrop-Stearns, Inc. 
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clinical use of these drugs, particularly where dosages may tend to approach 
those Imown to produce distinct symptoms in animals. The present communi- 
cation describes the toxicologic properties of WIN 2848 (‘Thenfadil’) with par- 
ticular reference to comparative acute toxicity studies on tripelennamine and 
diphenhydramine. 

Methods. WIN 2848, tripelennamine and diphenhydramine were used in the form of the 
hydrochloride salts either in aqueous solution or as the solid crystalline material. 

Acute toxicity. The test animals were male albino Webster strain mice (22 ± 2 gm.), 
Sherman strain male albino rats (100 ± 10 gm.), Syrian hamsters (100 ± 10 gm.), rabbits of 
mi-xedalbinoand chinchilla stock (2.5 ± 0.5 kgm.) and mongrel dogs (6-10 kgm,). The volumes 
of solution employed were 0.35 ± 0.15 cc. for the small animals, 1.0 cc./kgm. for the rabbit 
and 0.1 to 1.0 cc./kgm. for the dog. The rate of intravenous injection was 1.0 co./minute. 
The animals were housed in a well lighted and ventilated room maintained at 24.5° C., with 
a nutritionally adequate diet and with water available at all times. The LDjo ± s.e. was 
estimated by the method of Miller and Tainter (15) at 24 hours after medication with con- 
tinued observations made for a period of seven days for any delayed toxic manifestations. 

Subacute toxicity. WIN 2848 was administered subcutaneously once daily, 6 days a week 
for 3 weeks to groups of 5 rats each at doses of 5, 10, 20 and 40 mgm./kgm. The doses were 
made up in distilled water and administered in a constant volume of 0.5 cc./lOO gm. of body 
weight. The control group was given distilled water. The rats were weighed three times 
weekly and the total volume of injection adjusted accordingly after each weighing. 

Chronic toxicity. Two groups of three healthj' mongrel dogs were given doses of 5 and 10 
mgm./kgm. (except as noted later in the text) of WIN 2848 orally by capsule once daily six 
days a week over a period of 90 days. The dose for each dog was mixed with sufficient lactose 
to make a total of 300 mgra. in each capsule. A third group of three dogs received 300 mgm. 
of lactose over the same period as a control. The dogs were weighed once a week and ad- 
justments made in the total daily dosage according to the body weight. Hematologic e.x- 
aminations were made at weekly intervals. Blood chemistiy studies, including blood glu- 
cose, non-protein nitrogen, blood chloride, albumin, globulin and total plasma protein 
estimations were made at 1, 2, 4, S and 12 week intervals. At the conclusion of the test the 
dogs were sacrificed for gross and histopathologic examination . 

Results. Acute toxicity. In general, the pattern of events following medication 
was the same for all three drugs in each of the species studied, regardless of the 
route of administration. After intravenous injection of T\TN 2848, extreme hyper- 
excitability, threshing about the cage, vocalization, localized skeletal muscle 
tremors rapidly developing into violent tonoclonic spasms and opisthotonos be- 
came apparent within one to five minutes. The onset of sjTnptoms occurred in 
five to ten minutes after intramuscular, subcutaneous and intraperitoneal in- 
jection and in ten to tw'enty minutes following oral administration. The animals 
which recovered from sublethal doses laj- panting and prostrate from exhaustion 
for 30 to CO minutes after cessation of the convulsive seizures. Increased muscle 
tonus was obserr'ed in all species throughout most of the recovery period. The 
dose-mortality curves were very steep in all cases. Death invariably occurred 
during or immediately following one of the convulsive seizures with respiratory 
failure preceding cardiac arrest. No delayed deaths were obsen'ed after 24 hours. 

As seen in table 1, the average acute toxicity of WIN 2848 appears to be ap- 
proximately 10 per cent greater than that of tripelennamine by intravenous in- 
jection in four species, and 30 to 100 per cent greater bj’’ subcutaneous and intra- 
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peritoneal injection in mice. By oral nilministrntion to mice, the acute toxicity 
of WIN 2S48 appears to bo approximately 30 per cent greater than that for 
tripclcnnamino but about 30 per cent less toxic than diphenhydramine. 


TABLE 1 

Comparison of the acute toxicitp of 07.^ with tripelennaminc and diphcnhpdratninc 
expressed in mgm.fhpm, as the hydrochloride salt 


srretts 

sort! or ADKl.VIS* 

TIATJON 

WIN 2SIS 

TttrtiXKNAUlKC 

rjrnzmrroiA* 

UIKE 

tZIATIlT 
lonoTY i»j- 
rtltNNA- 
UINZ - i 

X<5. 

e( 

ibJ* 

tnili 

LDt( d: 

.Vo. 

o( 

tel* 

mall 

LDii rb $.t. 

No. 

oi 

«bI> 

ml* 

LDi»d:i.e. 

WIN 

2S<S 

DI- 

phen- 

hydra* 

nUnf 

Mouse 

Intravenous 

40 

U.2±: 1 

30 

17 d: 1.4 


85 dr 1 

1.2 

1^9 


Subcutaneous 

30 

2Q ^ 4 

BEI 

73 rb 6 


144 dr 8 

g*IIH 

0.5 


Intrapcritoncal 

Itlil 

55 cb 6 

CO 

70 rb 2 



1.3 

0.9 


Oral 

50 

277 sfc 15 

30 

360 dr so 

SO 


1.3 

l.S 

Hat 

Intravenous 


15 ± 1 

30 

13 ± 1 


__ 

HB 

— 


Oral 

30 

525 dr 50* 







Hamster 

Intravenous 

^9 

0 d; 1 

30 

13 dr 1 

D 

18 

1.4 

0.7 

Babbit 

Intravenous 

30 

12 d; 1 

0 

n 


- 


- 

Dog 

Intravenous 

8 

10 








Intramuscular 

7 

12 








Oral 

S 

GO 








• Sherman strain, male albino rata weighing 160 ± 15 gm. 


T.\BLE 2 

Subacute subcutaneous toxicity of iP/A SBiS in rats 




1 KORTAUTT j 

j utAtt »0DT itTicirr 1 

CAIN IN 


At end of 
test 

JtiftiaJ 

nnil 

Grams | 

Frr cfDt 


nrm./irm. 



gramt 

gramt 



5 

00 ) 

0/5 

0/5 


200.8 

G5.S 

49 

10 

ISO 1 

0/5 

0/5 

138.0 

103.0 

65.0 1 


20 

360 

0/5 

1/6 




43 

40 

720 

0/5 

5/5 


1 — 

— 1 


Control.... 

— 1 

0/5 

0/5 

1 134.4 1 


cr.c i 



Suhaculc toxicity. Tlio mortality and mean body weight data are shoivn in 
table 2. No significant differences were found between the mean body weight 
of the control group and that of the groups at 5, 10 and 20 mgm./ltgm. No de.aths 
occurred at dosages of 5 and 10 nigm./kgm. One rat died after nineteen days 
at 20 mgm./kgm. and all five rats were dead by the twentieth day at 40 mgm./ 
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kgm. Symptoms of intoxication were absent at 5 mgm./kgm. No S 5 mptoms were 
observed at tbe 10 mgm./kgm. dose level until the seventeenth day when three 
of the five rats became hyperexcitable and experienced brief tonoclonic spasms. 
At 20 mgm./kgm. a mildly h 3 T)erexcitable state obtained during the first week 
vith convulsive seizures appearing during the second week and continuing 
throughout the remainder of the test period. Within five to ten minutes after 
the first injection of 40 mgm./kgm., the rats became extremely excited and 
belligerent, slashing \dcjously at each other. Opisthotonos with tonic and clonic 
spasms of three to four minutes’ duration occurred at irregular intervals for one 
to two hours daity after medication. In spite of the severity of the reactions, no 
deaths resulted until the ninth day of the test. The deaths usually occurred at 
the termination of one of the convulsive seizures and were associated uith 


TABLE 3 

Chronic oral loxicily of WIN 2848 in dogs 


DAILY DOSE 

DOC KO. 

1 

SEJC 1 

i 

BODY WEIGHT 

CAIN* tK BODY WEIGHT 

Initial 

Final 

Kehi, 

Per cent 




ijm. 

kgm. 



5 

48-4944 

F 

10.4 

11.0 

0.6 

5.8 


48-4949 

M 

10.0 

11.9 

1.9 

19.0 


48-4928 

F ! 

17.8 

18.6 

0.8 

4.5 

i 

10 

47-3553 

M 

11.7 

12.1 

0.4 

3.4 

] 

48-4932 1 

M 

10.6 

12.0 

1.4 

13.2 


48-4948 ! 

M 

13.2 

13.8 

0.6 

4.6 

Control ; 

484940 

F 

12.2 

13.5 

1.3 

10.7 


48-4931 

M 

12.3 

14.0 

1.7 

13.8 

i 

j 

484937 

F 

9.7 

12.2 

2.5 

25,8 


respiratorj’^ arrest. No evidence of hematologic changes were found. Gross ex- 
amination at autopsy and subsequent histopathologic studies revealed no evi- 
dence of pathologic changes resulting from the medication with WIN 2848. 

Chronic ioxicity. All of the dogs survived the 90-day chronic toxicity test. As 
shown in table 3, each of the dogs gained weight. The average percentage in- 
crease in body weight at the end of the test was 10 per cent for the group at 5 
mgm./kgm. and 7 per cent for those at 10 mgm./lcgm. compared with a 17 per 
cent increase for the control gi-oup. No significant hematologic changes were 
found. The blood glucose, non-protein nitrogen, blood chloride, albumin, globulin 
and total plasma protein values remained relatively unchanged throughout the 
test. There were no pathologic tissue changes noted which might be attributed 
to the medication. 

The group of dogs at 5 mgm./kgm. remained sjmptom-free throughout the 
test. Some evidence of h 3 'perexcitabilitj'’ consisting of restlessness with barking 
and whining became apparent in two of the three dogs at 10 mgm./kgm. after 
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the tliird week, Thcfe symptoms were obscure at times and did not increase in 
intensity with continued medication. The third dog of this group did not show 
any sjTnptoms of intoxication at 10 mgm./kgm. No distinct evidence of drowsi- 
ness was ol)scn cd. The dose levels were raised from 5 and 10 mgm./kgm. to 10 
and 20 mgm./kgm., respectively, for five days during the tenth week of medica- 
tion in an elTort to establish a maximum tolerated dose. The dogs wliich had 
been receiving 5 mgm./kgm. promptly began showing distinct sjtnptoms of 
intoxication characterized inainlj’ by a mild hj^ercxcitability with occasional 
brief conx-ulsivc seizures. The group which had been receiving 10 mg./kgm. be- 
came quite excitable and apprehensive at 20 mgm./kgm., and all three dogs 
experienced one or more brief but severe epileptiform convulsive seizures during 
this five-djiy period. The doses were returned to their previous lev'cls of 5 and 
10 mgm./kgm. at the end of the tenth week for the remaining three weeks of the 
test. The severe sj-mptoms of toxicity dLsappeared as soon as the doses were 
reduced. There were no sjTnptoms of toxicity at 5 mgm./kgm. and the bclmvior 
of each of the dogs at 10 mgm./kgm. returned to the same pattern which had 
obtained before increasing the doses. 

Phannacodijnamic studies. The intravenous effects of graduated doses of WTN 
2S-1S were studied in four pentobarbitalized dogs. The first indication of sj'stemic 
toxicity appeared as a depressor effect on the blood pressure which became 
greater as the dose was increased. Doses of 2 to 8 mgm.A’gm. produced a fall 
of 20 to 50 mm. of Hg with a return to pre-injection level in appro.xim.aloly ten 
minutes. Doses in this range were without significant effect on the pulse or 
respiratory rates. At doses of 10 to 25 mgm./kgm., the blood pressure fell pre- 
cipitously accompanied by an increase in respiratory rate and rvith variable 
effects on the pulse rate. One dog died within five minutes following an initial 
dose of 20 mgm./kgm. while the other three dogs survived total doses of 48, 50 
and 00 mgm./lcgra. 

Potentiation of Evipai-induced sleep. In view of the demonstration of the po- 
tentiating effect of antihistaminic drugs on barbiturate-induced sleep in mice 
by Winter (10), it was deemed adrisable to investigate the sedative effect of 
WIN 2848 in a similar manner. Groups of 30 mice each were injected with 100 
mgm./kgm. of Evipal intraperitoneally and the waking time for each mouse 
recorded according to the criteria described by Winter. Three additional groups 
of 30 mice each were pretreated subcutaneously with 10 mgm./kgm. of WIN 
2848, tripelcnnamine and diphenhydramine 30 minutes before intraperitoneal 
injection of 100 mgm./kgm. with Eripal. The mean waking time in minutes ± 
its standard error was calculated for each of the four groups. The results are 
shown in table 4. 

It was found that diphenhydramine significantly prolonged the waking time 
of the mice while WIN 2848 and tripelcnnamine had no significant effect. 

Discussion'. The comparative acute intravenous toxicity data indicate that 
the inherent toxicity of TON 2848 is of the same order of magnitude as that of 
tripelennamine. Both compounds, however, are more toxic than diphenhydra- 
mine. By subcutaneous administration to mice, WIN 2848 appears to be twice 



374 


JAMES O. HOPPE AND A. M. LiVNDS 


kgm. Symptoms of intoxication were absent at 5 mgm./Icgm. No S 5 mptoms were 
observed at the 10 mgm./kgm. dose level until the seventeenth dai"" when three 
of the five rats became hyperexcitable and experienced brief tonoclonic spasms. 
At 20 mgm./kgm. a mildly hj^Derexcitable state obtained during the first week 
with convulsive seizures appearing during the second week and continuing 
throughout the remainder of the test period. Within five to ten minutes after 
the first injection of 40 mgm./kgm., the rats became e.xtremely excited and 
belligerent, slashing viciously at each other. Opisthotonos with tonic and clonic 
spasms of three to four minutes’ duration occurred at irregular intervals for one 
to two hours dailj' after medication. In spite of the severity of the reactions, no 
deaths resulted until the ninth da 3 ’- of the test. The deaths usuaUj" occurred at 
the termination of one of the convulsive seizures and were associated with 

TABLE 3 


Chronic oral toxicity oj WIN 2848 in dogs 


DAILY DOSE 

DOC NO. 

1 

1 

SEX 

BODY WTICHT 

CAIN' IN BODY WEICST 

Initial i 

Final 

Kgm. 

Per cent 

wim.lkgm. 



kgm. \ 

kgm. 



5 

48-4944 

F 

10.4 

11.0 

0.6 

5.8 


48-4949 

M 

10.0 

11.9 

1.9 

19.0 


48-4928 

F 

17.8 

18.6 

0.8 

4.5 

10 

47-3553 

M 

11.7 

12.1 

0.4 

3.4 


48-4932 

M 

10.6 

12.0 

1.4 

13.2 


48-4940 

M 

13.2 

13.8 

0.6 1 

1 

4.6 

Control 

48-4940 

F 

12.2 

13.5 


10.7 


48-4931 

M 

12.3 

14.0 


13.8 


48-4937 

F 

9.7 

12.2 


25.8 


respiratorj'^ arrest. No evidence of hematologic changes were found. Gross ex- 
amination at autopsy and subsequent histopathologic studies revealed no evi- 
dence of pathologic changes resulting from the medication with IITN 2848. 

Chronic toxicity. All of the dogs survived the 90-day chronic toxicity test. As 
shoum in table 3, each of the dogs gained weight. The average percentage in- 
crease in body weight at the end of the test was 10 per cent for the group at 5 
mgm./kgm. and 7 per cent for those at 10 mgm./kgm. compared with a 17 per 
cent increase for the control group. No significant hematologic changes were 
found. The blood glucose, non-protein nitrogen, blood chloride, albumin, globulin 
and total plasma protein values remained relatively unchanged throughout the 
test. There were no pathologic tissue changes noted which might be attributed 
to the medication. 

The group of dogs at 5 mgm./lvgm. remained symptom-free throughout the 
test. Some evidence of h 3 'perexcitability consisting of restlessness with barking 
and whining became apparent in two of the three dogs at 10 mgm./kgm. after 
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BOMMABT 

1. The acute intravenous toxicity of WIN 2848 was found to bo similar to that 
of tripolcnnamino in mice, rats and rabbits, but significantly greater in ham- 
sters. Both compounds were more toxic than diphenhydramine by intravenous, 
subcutaneous and intraperitoneal injection in mice. The acute oral toxicity of 
BTN 2848 in mice was similar to tliat of tripelcnnamine and diphenhydramine. 

2. Wlicn administered subcutaneouslj’ to rats once daily, six days a week for 
three weeks, WIN 2848 caused no deaths at 3 and 10 mgm./kgm., one death at 
20 mgm./l:gm. after nineteen days of medication and killed all of the test animals 
by the twentieth day at 40 mgm.A'gm. No significant cITcct on body weight was 
encountered at doses of 5, 10 and 20 mgm./kgm. No significant hematologic 
or pathologic changes were found. 

3. IWN 2818 administered orally to dogs in doses of 5 and 10 mgm./lcgm. once 
daily, six dara a week for 00 days resulted in no deaths or loss in body weight. 
No significant changes were observed in hematologj', blood glucose, non-protein 
nitrogen, blood chloride, albumin, globulin or total protein values. No tissue 
changes were found which could be attributed to the drug. 

4. No signs of intoxication were observed upon repeated administration of 
5 mgm./kgm. cither subcutaneously in rats for three weeks or orally in dogs for 
three months. E\idenco of cumulative toxicity was observed at doses of 10 and 
20 mgm./kgm. upon subcutaneous administration in rats. 

5. No eridenco of cumulative toxicity was observed with oral medication in 
dogs at doses of 5 and 10 mgm./kgm. 

0. The sigtts of acute intoxication with BTN 2848 wore, in general, similar to 
those of known, commercially available antihistaminic drugs. 

7. Tire mean waking time of mice from Evipal-induced sleep was prolonged 
8 per cent by WIN 2848, 11 per cent by tripelcnnamine and 43 per cent by 
diphenhydramine. 

We are grateful to Dr. F. C. Goble for the hematological and pathological 
data and to Dr. E. W. McChesney for the biochemical data and to Mrs. E. B. 
Alexander, Mr. John Romano, Jfr. D. K. Seppelin and Jlr. H. Terko for tech- 
nical assistance. Wo are grateful to Parke, Davis and Co., Detroit, Mich., and 
Ciba Pharmaceutical Products, Inc., Summit, N. J., for the supply of diphen- 
hydramine and tripelcnnamine, respectively. 
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COMPAinSOX 01' SMOOTH MUSCLK EI'FIiC'l'S OF CROTOXOSIDE 
(ISOC.UAXOSIXE) AXD ADEXOSIXE 

PAUI. 1, ICWlKCi, ITIITZ KC-III-EN-K. asi> C.EOUOl-; A EMF.ItSOX 
Drpdrtntcnt of Phnnuncoliig!/, (*t>ucr9ttij of Texan }{o{iral firnncli, (lali'cslon, Texas and 
Dcpartnicnl of linctcrndfnjtj, toira StnleCollcijc. Ames, loirn 

lloroivcd for pultlicnlinn Aupun! S, 1019 

lunil Tisclior (1) In 1897 roporttnl tlio hviitlicsis of a iiumbor of purine doriv'- 
ativ(‘s. Among those was isoguanino cjr 2-o\y-(l'anHn() pnrino. lie considered tliis 
com])ound as an oxidation product of adenine and preilicted that it would ho 
fouml in the aiumal organism or perhaps might already have lieen isolated Imt 
mistaken for guanine. In 1932 a glycosi<Ie was isolated from the croton seed hy 
Cheilmhez and Bernard (2), called •‘crotonoMde” and identified as 2-oxy-()-amino 
purine riboside or i'^oguano''in(‘. 'rheagIyconeprove<l to be identical with Fischer’.s 
synthetic product. ICven earlier (1027), Buell and Perkins (3) re))nrted the isola- 
tion of oxyadenine (2-<i\y-(»-uinino purine) from pigV blootl, thus revealing the 
occurrence of thi.s substance in the animal organi‘*m. ’I'he clo-^ely related nuclco- 
skIc, tulenosine (O-amino inirine rilmside). ha« been cMensivcly studied and 
shown to be an integral part of essential enzymes (4) as well as having charac- 
tenstic phannaeologicnl effects (o-S). laltle however is knorni about the physio- 
logical or pharmacological properties of crotonoside. Parnas and (Jstern (9) in 
a study of atleninc derivatives on the isolato<l j)erfused licarl m(*ntionod tliat 
crolonoride has activities simihir to lulenosine although weaker and more pro- 
longed. We have found that crotono«ide is con.siderably more active than adeno- 
sine ns tested on the i.«olatcd uterus ami intestine of the guinea pig, rabbit and 
hamster, and on the blood pressure of the rablnl and eat. 

Mr.TiJODS lUoofl pre^surf. The c.irotid blood prc'wurc of uiiesthctizcd mbbit.*; wns re- 
corded by a Ur mniiompicr an<l that «f auc'»tlictiiod cats by both a Hr manometer and a 
Harvard mcmliranc manometer siimdtaiirously. Pcntobarljital sodium was used as the 
anesthetic, 25 mRin. per kRm. of t)ody weiRlit intravenously for the rabbit.sand 30 niRm per 
kpm. of body weipht intrai)eriloneally for thocat.s. Ttie druRs were injected into a marginal 
car vein of the rabbit.s and into a femoral vein of the cat.s. 

Inololcd smooth muscle. Activity of sections of ileum from rabbit.s, Ruinoa jiig-s and ham- 
sters and of uterine horns from guinea pig-s ami hamsters (killed by a blow on the head) 
were recorded, using the MaRnus technique with a o9 cc. U.S.P. I,neke-Ilmpcr bath at 37.5® 
C. and aerated with oxyRen. The volume of the drug .solutions addeil did not exceed 0.2 
cc. 

Drugs. The adenosine ased in this study w.as prepared from yeast and vonfiod for purity 
by one of the authors (P. S.). The hsoRuanosinc (crotonoside) wa.s kindly aujiplicd by Dr. 
J. R. Spies of the Allergen Division of the U. S. Department of Agriculture. Solutions of the 
drug'? were made in physiological saline to a concentration of not over 0.005 M. 

Results. Intravenous injection of crotonoside in the anesthetized rabbit 
caused a prompt decrease in blood pressure with slow recovery' to the normal 
level. Equivalent reduction of blood prcs.sure levels wns obtained with adenosine 
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with approximate^ three times the dose required for ci-otonoside, 0.4 microraols 
of crotonside equaling J.25 micromols of adenosine. The duration of adenosine 
action was considerably shorter than that of crotonoside. No tachj’-phylactic ac- 
tion has been noted. 

In the anesthetized cat, the carotid blood pressure was reduced to a much 
greater degree (-44 mm. Hg) by a dose of 0.5 micromols per kgm. body weight 
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Fig. 1. Effect op Drugs after Ixtravexous Injection in a.v Anesthetized Cat, 

UNDER ArTIFICIAE RESPIRATION 

Cardiometer tracings were made by the method of Gregory and Ewing (Te.x. Reports 
on Biol, and Med., 1: 153, 1943); bladder and intestine tracings by balloon-tambour system. 

of crotonoside than by a dose of 1 micromol per kgm. body weight of adenosine 
(—16 mm. Hg) (figure 1), indicating a ratio of at least 5:1 in relative activity. 

The amplitude of the contractions of isolated rabbit intestine was depressed 
by both adenosine and crotonoside, the latter drug again being the more active 
and of greater duration (figure 2). A bath concentration of 2 X 10”^ ill adenosine 
caused a decrease in amplitude approximately equal to a concentration of 8 
X 10-* M crotonoside, indicating a ratio of activity of about 1:2§. No effect 
on rate of rh 3 'thmic contractions was evident. 

The isolated guinea pig uterus responded to these drugs by an increase in 
tone without much change in the minor rhythmic contractions originally present 
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in some inx'j)arjitions. The experiment illustrated in figure 3 shows that the 
activity of a 2 X M eonoentmlion of ndcnosinc was between that of a 2 X 
10"' and 3 X 10"^ ^1/ concentration of erotonoside, or that the latter drug had a 



AOEHOSiNE CROTONOSIOC 
H 1“ 

I'lo. 2. Isor.ATKU Stiuc or Inik'-tinal Mc'^clk of a ItAiinix (Maon*u& PaerARAXjoN) 

DruK (lounge cvpre.'^cd ns final Imth foncciitnUioii, IT » wash ultli frcsl) I^ockc-HIngcr 
sol. and drum stopjicd 5 minutes. Drum stopped for 2 oMc*ininuto Intervals ns 
imUcalrU by I’. 



FlO. 3. IsOI.ATKI> UTI'.niNK IloUN OF CJciNKA PlO 
Drug dos.-iRC CApres.sed ns final bath concoiilration: W « wash with fresh Lockc-Itingcr 
sol. and drum .stopped 5 minutes. Time: S-.second intervals with breaks at I minute. 

00-100 fold greater activity. Other guincti pig uterine strip.s varictl in tliis respect 
but were always twenty or more times as sensitive to erotonoside ns to adenosine. 

The tone of isolated guinea pig intestine was decreased by both drugs, O.Oo 
micromol of erotonoside being as active as 1 micromol of adenosine or twenty 
times more effective (figure 4). 

Isolated tissues of tlic hamster reacted qualitatively to adenosine and cro- 
tonoside similar to guinea i}ig tissues, but, the difference in effectiveness of the 
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two compounds was less marked and approximated the relative effectiveness as 
seen on the blood pressure and isolated intestine of the rabbit. Thus a 4 X 10~® 
ilf concentration of crotonoside was approximately equal to a 1 X 10“® M con- 
centration of adenosine in inhibiting the intestinal tone and in stimulating both 
tone and rhythmic contractions of the uterus, or a ratio of 2|: 1. 

Discussion, The frequently found phenomenon of species variation in re- 
sponse to drugs is encountered in this study. Guinea pig tissues reponded in a 
manner to indicate a more than twenty-fold greater activity of crotonoside 
over adenosine, whereas experiments Avith rabbits, cats and hamsters showed a 
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Fig. 4. Isolated Intestinal Sthip of Guinea Pig 
Amount of drug as indicated added to the 50 cc. Locke-Ringer bath at arrows. Five- 
minute recovery intervals. Time: 5-second intervals with breaks at 1 minute. 

two and one-half to five-fold difference. This emphasizes the need of caution in 
translating results obtained in one species to probable effects in another. 

The observation that crotonoside is considerably more active than adenosine 
on the smooth muscle here reported was sometvhat une.xpected since croton- 
oside (isoguanosine) may be considered as 2-oxy-adenosine or an oxidation 
product of adenosine as suggested by Fischer (1). Frequently, oxidation prod- 
ucts are less active biologically and may be assumed to be the result of de- 
toxif 5 ’’ing processes. Here, hoAvever, the oxy-compound is definitely more active 
and thus corresponds for example to the increased effectiveness of oxophenar- 
sine over its parent substance, arsphenamine. 

The related purine compounds examined by others, such as the adenylic acids, 
adenosine phosphates, cozyunase, etc. were suspected to act by one mechan- 
ism, i.e., being interconx'-erted either to adenosine or adenosine-5-phosphate 
and then dearainated. This common denominator seems to be out of the question 
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for crotonosido since it is mucli more active than adenosine or its phospliate. 
An interference witii some cnzjTne sj’strnn of muscular contraction may provide 
a better explanation. Perhaps most adenine compounds are degraded to adeno- 
sine upon injection and the latter interferes with ATP action in Szent-Gyfirgyi’s 
netomyosin (10, 11). Crotonosido may be a better inhibitor tluin adenosine 
and the nnim.al organism may not be able to convert crotonosido to adenosine. 
It has been shown previously that adenosine dciuninaso docs not attack croton- 
osido (12) nor docs purine nucleosidase split the glycoside (unpublished results). 
Thus its fate in the mammalian organism is obscure. Tlio grc.atcr activity and 
more prolonged effects of crotonoside ns compared to adenosine may be related 
to the lack of ability of these enzymes to inactivate or destroy this glycoside, 
thereby allowing the maintenance of its full effects for a longer period of time. 

Among various decomposition products of nuclcoproteins, Torda and Wolll 
(13) found that adenosine and inosinic acid inliibit the synthesis of acetyl- 
choline by minced frog brain and infer that this may bo an explanation for the 
activity of such products. Crotonoside was not tested tor this effect so that we 
have at present no erddence concerning the effect of the latter drug on acetyl- 
choline EjTithcsis. 

Related purine, pyrimidine and Irmino derivatives arc being studied in this 
laboratory in an attempt to find common factors in the chemical structure which 
may bo related to pharmacological activity. Pamns and Ostem (9) pointed out 
the importance of the C-amino group of adenosine for its cardiac effects on the 
frog. There are indications that substitutions on other parts of the ring also 
affect the pharmacological activity in a rather specific manner. 

SUJlMAnY 

Crotonoside (isoguanosine) has been shown to be much more active than 
adenosine in reducing the blood pressure in rabbits and cats, in decreasing 
the tone of isolated intestinal strips of the rabbit, guinc.a pig and hamster and in 
stimulating tho isolated uterus of guinea pigs and hamsters. 

The difference in activity of these two compounds is considerably more marked 
with tho guinea pig tissues than with those of the rabbit, cat or hamster. 

Possible relationships to theories of action of adenosine are discussed. 
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CARDIAC EFFECl'S OF METHOXAMINE (/3«I2,5-DIMETH0XY. 
PIIENYL]-/3-HYDIlOXYISOPnOPYL AMINE HCl) AND DESOXY- 
EPIIEDRINE DURING CYCLOPROPANE ANESTUESU* 


J. W. STUTZMAN, F. L. PETTINGA* and E. J. FRUGGIERO* 

Deportment of Pharmacology, Poston University School of Medicine, Poston, Mass. 

Rccch'cd for publicAtion Ma 3 ' 18, 1019 

The choice of a pressor agent for use during cyclopropane anesthesia has been 
shovTi to be critical. Primarj' and secondnrj' ej^mpathomimctic amines 3vith a 
catechol nucleus may cause ventricular tachycardia or ventricular fibrillation. 
Amines with no hydroxyl groups and those with an hydroxyl group in the 
4-position produce supraventricular taclij-canlia (1, 2). In view of the favorable 
clinic.al report concerning dcsoxycphcdrinc (mcthcdrinc) ns a pressor agent (3) 
it was decidc<l to determine the cftccts of this compound and another promising 
amine, methoxaraine, 03-[2,5-dimcthoxj'phcnyl]-/5-hj'drox>isopropyl amine IlCn 
on cardiac rhjihm during cyclopropane anesthesia. 

MnrnoDS. TUc same procedure was followed as in previous investigations of 20 8>Tn- 
pftthomimetic amines (1, 2). T%s-cnty-five mongrel dogs of both sexes weighing from 7 to IG 
kgm. were used in this study. The amines were employed in amounts which gave a pr(«*.sor 
response equivalent to the standard dose of epinephrine of 0.01 rogm./kgm. Pressor ratios 
were iictermined in the conventional manner by cannulnting a fcmoml artcrj’ and recording 
mean arterial blood pressure with a mcrcurj' manometer. Only one rlrug was comp.arcd Viith 
epinephrine in each animal in one day. 

In order to obtain a better comparison of the cardiac eflcets of the pressor agents the 
some animals were used for each amine. However, at least two days were allowed to elapse 
between the injection of methoxaminc and dcsoxj’cphcdrinc. Electrocardiograms were 
also taken during the injection of the amines into the same unancsthetired animals. In all 
experiments the stjdus of the electrocardiograph was under constant observation until 
tbo blood pressure returned to normal. Records were taken at short intctvmls and with any 
change of rhythm. 

Rnsui/rs. In table 1 are summarized the results of the blood pressure studies. 
One mgm./kgm. of methoxaminc is seen to cause a pressor effect comparable to 
the standard dose of epinephrine of 0.01 mgm./kgm. The equivalent dose of 
dcsoxycphcdrinc is 2.0 mgm./kgm. More than CO minutes were usually required 
for the blood pressure to return to prc-injcction levels. 

The effects of the three amines on cardiac rhythm arc summarized in table 2. 
Methoxamine does not result in disturbances of rhythm in the heart wliich is 
sensitized by cyclopropane. None of the 25 animals had tachycardia. This 
includes the five animals which were given one and a half times the equipressor 
dose. 

‘ Supported in part by a grant from Burroughs Wellcome and Company, Inc. 

’ Fellow, Graduate School, Boston University. 

* Anesthetist, St. Elizabeth’s Hospital, Beaton. 
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TABLE 1 

Pressor responses to melhoxamine, desoxyephedrine and epinephrine in dogs anesthetized 

with cyclopropane 


(Maximum rise in mean arterial blood pressure in mm. Hg) 


DOG NO. 

EPJNEPnSINE 

UETHOXAUINE 


0.0/ tntm./ktm. 

1.0 ingm./kgm. 

1 

80 

68 

2 i 

92 

98 

3 

66 

48 

4 

44 

42 

5 i 

70 

86 

6 

76 

98 

7 

70 

98 



DRSOXYEPHEDWNE 



2.0 n.sm.figm. 

8 

69 

61 

9 

64 

62 

10 

66 

48 

11 

63 

64 

12 

87 

85 


TABLE 2 

Comparison oj effects on cardiac rhythm of melhoxamine, desoxyephedrine and epinephrine 
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S3 
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Is 

if 

Sv 
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U 

is 

t6 Q 

11 

Methoxamino (unanes- 







■ 







thetized) | 

1.0 

20 

18 


8 


B 


4 


7 



Methoxamine (with cycle- 







B 







propane) 

1.0 

20 

3 


1 


1 




1 



Methoxamine (unanes- 





! 


■ 







thetized)^ 

1.5 

5 

5 


4 


B 


1 


1 



Methoxamine (with oyolo- 







B 







propane)! 

1.5 

5 




i 

n 


1 


2 



Epinephrine (unanesthe- 




i 










tized) 

0.01 

25 

12 

1 

4 

1 

5 


7 

5 

4 



Epinephrine (with cyolo- 














propane) 

0.01 

25 






6 


1 


25 

3 

Desoxyephedrine (unanes- 














thetized) 

2.0 

21 

6 

2 


2 



4 

2 

7 

3 


Desoxyephedrine (with 














cyclopropane) 

2.0 

21 


20 




4 

8 

2 





* Few ventricular premature contractions = less than 1 premature contraction to 6 
supraventricular beats. 

t Many ventricular premature contractions = more than 1 premature contraction to 6 
supraventricular beats. 

J One and one half times the equiprcssor dose. 

Note: Since certain animals had more than one type of arrhythmia, the total incidence 
in certain cases is greater than the number of animats used. 
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Desoxyephcdrine gives no endence of ventricular stimulation but does in- 
crease supraventricular activity during cyclopropane. Tventy of the 21 animals 
had sinoauricular tachycardia at rates in excess of 225 per minute. 

Epinephrine resulted in ventricular tachycardia in all 25 animals. In three 
this serious arrhjihmia progressed xrithin a feiv seconds to fatal ventricular 
fibrillation. 

Discussion'. Cyclopropane has been shown to increase the irritability of the 
heart rcflc.xly (4, 5). Primarj- and secondary aromatic amines with no hydroxj’l 
groups on the ring or with an hs'dro.xj'I in the 4-position have a preferential 
stimulating cITeet on supraventricular regions and thus cause sinoauricular 
tachj'cardia in the cyclopropane-sensitized heart. Desoxj'cphcdrinc belongs to 
this cla.ss. The results are similar to those reported previously with ephedrine, 
amphetamine, Paredrine and phenylpropanolamine. 

Primary and secondarj- aromatic amines with a catechol nucleus preferentially 
stimuhato below the A-V node in the heart sensitized by cyclopropane and 
consc<iucntly cause ventricular tacbyc-ardia and ventricular fibrillation. Such 
agents as epinephrine, artcrenol, Cobcfrine,Epinine, and ICephrino arc absolutely 
contraindicated during cyclopropane anesthesia. 

Methoxamine, with methoxj' groups in the 2- and 5-positions, gives no evi- 
dence of incrc.ase in irrit.ability of the cyclopropane-sensitized heart. Phenyl- 
ephrine was the only one of 20 primary and secondary aromatic amines studied 
prexdouslj' which was found equally innocuous during cyclopropane anesthesia. 

sennunv 

Methoxamine 0S-[2,5-dimcthoxj'phcnyl]-/3-hydrox3'isopropyl amino HCl) does 
not increase the irritability of the cycloprop.ane-scnsitized heart. It is a safe 
pressor agent for use during cyclopropane anesthesia. 

Dcso.xj'ephcdrine causes sinoauricular tachycardia in the cyclopropane-sen- 
sitized heart. 

Methoxaminc and desox'j'ephcdrine (methedrine) used in this study were 
supplied by Dr. D. S. Scarlo, Medical Director, Burrouglis Wellcome and Co., 
Inc., Tuckahoe, New York. 

Epinephrine (Adrenalin HCl) was kindly furnished by Parke Davis and 
Company. 
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The method described in a previous paper ( 1 ) for estimating antagonism 
potency has been developed to study several questions dealing with the mech- 
anism of inhibition produced by antihistaminics, atropine and antispasmodics. 
The main characteristic of the method consists in using time of recovery as a 
measure of the intensity of the effect produced by the inhibitor. The R 50 index 
was defined as the time in seconds necessary for a 50 per cent recovery after 
washing out of the inhibitor. Another characteristic of the method is to employ 
all the responses of the muscle to a constant standard dose of the active agent 
(histamine or acetylcholine) as data for the estimation of the potency of the 
antagonist employed. For each response, a constant k' was calculated and the 
average k' for each concentration of the inhibitor constitutes a separate measure 
of its potency. These two quantities Rm and k' were found to be experimentally 
and theoretically related through a simple equation that is graphically repre- 
sented by the equilateral hyperbole. The present paper deals with some develop- 
ments of the method and especially with its application to problems connected 
with the mechanism of action of this class of drugs. 

Experimental. All experiments were performed according to the directions listed in our 
previous paper (1). In the assays in which high concentrations of cations were used, the 
muscle was left for a long time in contact with the new Tyrode solution until normal con- 
tractility was observed. Since all data used in the present paper are calculated as percent- 
ages, it was always found possible to increase or decrease the concentration of the spasmo- 
genic agent, in order to get comparable results when the perfusing bath was switched to a 
new Tyrode solution with a different salt concentration. Concentrations as high as five times 
the KCl or MgCL or CaCl* of the standard Tyrode could be applied without any damage to 
the contractile mechanism of the gut, provided a sufficient interval of time was allowed to 
elapse in order to permit the muscle to establish equilibrium with the new environment. 
With SrClj, moderate concentrations produced an irreversible spasm of the muscle and 
henceforth our trials with that cation were limited to a concentration of 0.0075 M added to 
the standard Tyrode solution. With BaClj no workable concentration could be found to 
obtain useful information, since it produced a sort of hyperexcitability even when added at 
very low concentrations. 

The initial responses of the muscle were taken as 100 per cent and the percentage response 
after one minute (time 0) after washing out of the inhibitor was taken as Po and P was the 
observed percentage response after time 1 . Constant fc' was calculated according to the 
formula : 


, 100 , 100 - Ho 

“7]p'”®ioo^ 
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Tlie index Itis (found) was read directly from the curves of recovery, as the abscissa (in 
seconds) of tho intersection ivitlr the 50 per cent ordinate. Tiro constant Rw (calc.) was calcu- 
lated from by tho equation : 

n,« - 30.1A' (II) 

Tho antihistaminics used wero the same as in the previous report (1), pius the Itaiian 
Mg.322 (2-iraida2olinyimethyl-bcnrhydryl ether) introduced by Cavalini (2). 

Resoi-ts. Assays \cilh different antagonists toward histamine. Accuracy in the 
results obtained ivith the method dc.scribed above depends largely upon varia- 
tion arising from tluuo sources. First, the constant I:' is an average of several 
values each calculated for a separate response of the muscle to the spasmogen 
so that it rellects the momentaneous variability of the biological structure em- 
ployed. Variability of k' also depends upon tho order of magnitude of /.■' itself. 
In fact, it has been verified that the SE (standard error) for larger values of k' 
is larger than should he e.\pected from the ratio of its value to the average. The 
higher variability of /-'when the recovery is too fast is due in part to the axponen- 
tial nature of tho phenomenon. Furthermore, when Id is large, Rm is small, tliis 
indicating that recovery is complete in a short interval and, therefore, only a 
few data are available for the calculation of /;'. 

Tho repetition of the assay after recovery of the gut has been completed in- 
troduces a second source of variation. This variation will limit the sensitivity 
of the method. In general, it has been possible to discriminate between 2 and 
S microgm. of diphenhydramine (Benadiyl), but hardly so between 1 and 2 
microgm. If one has to compare different antagonists, it is noccssaiy' to choose a 
range of concentrations giiing discriminative responses. The usual procedure 
of alternating additions of tho antagonists to bo compared, has also been found 
to constitute a favorable condition. The third source of variation derives from 
changing the piece of gut. Tlus variation is so largo that no useful data could be 
obtained upon different pieces of intestine. In common with all biological assay 
methods of the kind, it is nccessaiy here to use a reference standard drug. 
Benadryl was chosen ns the standard (potency 1) because it occupies an inter- 
mediate position in tho series of drugs tested. 

As shown in table 1, increasing doses of the nntihistamim'cs produce decreasing 
values for tho constant /;'. From several data of that kind, wo could conclude 
that Mg.322 is less potent than Benadrjd and probably more so than Antistin. 
Taking Benadryl as standard (potency 1), tho potency of the other antihista- 
mim'es can bo calculated, as indicated in table 2. 

Antagonism between atropine and acetylcholine. One of tho advantages of the 
method described is its applicability to different pairs of antagonist-spasmogenic 
drugs, upon the same intestinal muscle, at the same time. If one alternates 
histamine and acetylcholine ns the testing agent, interesting “spectra” of inhibi- 
tion can be obtained ns described before (I). This fact would suggest that the 
same mechanism is involved in the recovery after inhibition produced by an- 
tagonists toward histamine and those toward acetylcholine. The analogy can be 
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pushed forward by applying the formulas for the constant k' and Rm to the 
antagonism atropine vs. acetylcholine. The striking result obtained indicates 
that the same mathematical relationships hold when atropine is used as the 
antagonist and acetylcholine as the testing drug. 

TABLE 1 


Comparison between Benadryl, Anlislin and Mg. 322 upon Ike same guinea pig gut 


ANTAGONIST 

DOSE ADDED 

D. r. 

i'iSE 

Rid (TODND) 

Rso CCALC.) 






sec. 

Antistin 

2.0 

2 

0.25 ± 0.026 

96 

130 


5.0 

2 

0.14 ± 0.021 

360 

280 


10.0 

7 

0.07 ± 0.007 

630 

515 

Mg. 322 

2.0 

1 

4 

0.10 dz 0.006 

216 

360 


5.0 

4 

0.09 ± 0.005 

396 

400 


5.0 

5 

0.09 ± 0.004 

450 

400 


10.0 

1 ^ 

0.06 zk 0.006 

756 

580 

Benadryl 

2.0 

5 

0.09 ± 0.009 

423 

400 


2.0 

7 

0.08 ± 0.007 

510 

450 


5.0 

9 

0.05 ± 0.004 

750 

710 


Legend: d.f. means degrees of freedom in the calculation of SE; Rso (found) was de- 
termined directly upon the recovery plots; Eso (calc.) was calculated from equation II 
and k' represents the average of all values obtained by applying equation I to all experi- 
mental data (percentages of recovery) for each dose of the antagonist. 

TABLE 2 


Relative potency of several aniihistaminics and antispasmodics as inhibitors of the histamine 

effect upon the guinea pig ileum 


ANTAGONIST 

RELATIVE rOTENCY 


>20 

Pyribenzamine. 

10 

Benadryl 

1 

Mg. 32^... . . 

0.4 

AntistiTj . 

0.33 

Trasentine.. . . 

0.007 

Pethidine . 

0.002 



Legend: The data presented in this table are approximate estimates from many different 
assays in which pairs of drugs have been assayed upon the same piece of gut, taking always 
Benadiyl as the running standard. 


As sho^vn in fig. 1 , if the intensity of inhibition is measured in terms of R® 
(time in seconds for a 50 per cent recovery) a linear relationsMp between log- 
dose and Rm values is also verified, as shown before for lysocithin and anti- 
histaminics. Table 3 indicates the numerical values for constants k' and R 50 
obtained when increasing doses of atropine were used and velocity of recovery 
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tested with the same standard dose of acetylcholine (usually 0.1 or 0.2 cc. of a 
1 : 10 million solution). 

A simple comparison between data obtained with the two classes of antagonists 
shows clearly that the order of magnitude and the kind of connection between 
and Em are almost the same for the antagonism nntihistaminics vs. histamine 
and atropine vs. acetylcholine. This analogy becomes even more strildng if we 
note ns indicated in the nc.\t paragraph tliat the points determined by the two 


Rta 



FlO. 1. AnTAGON'ISM ATnOPINE'ACETTLCnOUSn 
The values for (found) for increasing doses of atropine arc plotted: (A) Against the 
logarithms of the dose of atropine and (H) against the dose in arithmetic scale. 

TABLE 3 


Values for constant ond index fits obtained ieith increasing doses of atropine 


DOST or ATlOrtNT 


R»> (rWND) 

Ru (calc.) 



KCOndj 

teconjt 

0.5 

0.270 ± 0.027 

125 

102 

1.0 

0.170 =b 0,015 

212 


6.0 

0.050 ± O.WO 

049 


10.0 

0.049 d: 0.001 

710 


20.0 

0.034 rb 0.001 

1002 


60.0 

0.029 ± 0.0001 

1250 


100.0 

0.023 d: 0.001 

1570 

1512 


constants in the graph of fig. 3, fall along the same curt'e, no matter which an- 
tagonist has been used, including atropine toward acetylcholine. 

Correlation hclicccn Rto and //. The equation of P obtained from equation I, 
defines a family of curves that arc presented in fig. 2, where increasing values for 
the constant k' have been used in the calculation of each curve. It is easy to note 
that the Rm (intersection of each curve with the 50 per cent ordinate) is inversely 
proportional to the values of constant //. This of course could bo predicted from 
equation II, wliich can be deduced from equation I by maldng P® » 0 and 
P = 50, when t — Rm. 

A strong indication of the validity of the method developed above has been 
shown through a statistical treatment of 93 pairs of values for Rm (found) and 
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TIMC IM MINUICS 

Fig. 2. Theoretical Curves Obtained by Changing in Equation I the 
Values for k ’ (Indicated at the Top of Each Curve) 

The values for Rso are indicated in seconds as the intersection of each curve with the 
50 per cent ordinate. 



too 200 300 iOO SOO KO 700 800 000 1000 1200 

R50(«c) 


Fig. 3. Correlation between X (= 1/fc') and Eeo (Found) for 93 Pairs of 
Values for Different Antihibtaminics and Different Doses 
The points for atropine are indicated in the plot but were not used for the computation 
of the regression coefficients indicated in the two equations that form the scatter diagram 
(full lines). The dotted line is the theoretical curve derived from equation II. 
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obtained for diffcivnt inhibitors under different experimental conditions. Fig. 3 
shows the scatter diagram, tho theoretical cnr\'c (from equation II) and tlio 
experimental points obtained under quite diPferent conditions. For simplicitjs 
instead of constant as variable, we have taken itvS reciprocal (X — l/k'). Tho 
values of Hfirt (found) arc indicated in seconds, in the abscissae. The points for 
atropinc-acctylchoIine are indicated in tlio plot but were not used for the calcula- 
tion of the regression cocfhcicnts. Tho cocflTicicnt of correlation for I:' and Rw 
(found) obtained with difTcrenl do«es of atropine is calculated in table *1. 

The liigh correlation between and Ryi (found), i\s indicated in fig. 3 and table 
4, constitutes strong evidence that the principle underlying the method is sound 
since the values for both constant.*? have been obtained by entirely independent 


TAiu.r: A 

Correlation hi'twrcn Jim (Joinul) and I:' for 9S pairs of valttcs for different attlihistamiuic& 
and different doses and IS pairs for different doses of atropine 


Aniishistaininies: 

X » 1//:' a » 03 
3 “ 10.5 (moan of X) 

■» .307' (mc.nn of Itin) 

iS(rv) - 115753 0 
S{x*) " 3003 OS 

« •!, •101,103.0 


Stnndard <lcviatioa of rcjirc!*!?ii)n: ±70' 

. /5(xy)/6'(x*) =* 

Co..fl, cents ot ^ 


3S.5 

0.033 


CiK’fliciont «)f corrcl.’ilJDn: 

r = .S(x./)/\/i'(r>) ■*■(!/.) - 0.01 


Atropine X aeetidehnhnc' 

« -» 15 

3 «= 12.3 (moans «if X) 
ij =* 504' (mean of It*#) 
5(xq «= 512.85 
5(y») « 001, -101.0 
Sixrj) = 21,713 8 


Standard deviation of roKression •» ±74' 

^ , . jS(xy)/S(x^) « -12.5 


Correlation coofiiciont- 

r « S(xI/)/^/^).6■(y») “ 0.97 


methods. In fact, R&n (found) is read directly from the percentage-recovery plots, 
wliilc /;' has been ilefined a.s an avcnigc of all values calculated over llicpcrcentage 
responses data, l)cing therefore indicative of the validity of equation I. 

Effect of ions upon recovcrij. The method described has been highly useful in 
studying the effect of certain ions upon the phenomenon of recoverj', as will be 
described shortly in another paper (3), The cations K+ and Mg++ have been by 
far the mo.st interesting, producing opposite effects, the former accelerating 
recoverj' and the latter slowing down the process of recovery. Although only 
assayed in verj' small concentrations, the cation Sr"*^ had a definite accelerating 
cITect. The accelerating elTcct of Ca++ and Li+ were less constant, depending 
upon circumstances that have not been mastered in our experiments. In several 
cases, calcium had a slight but definite slowing down effect while lithium had 
no effect at all. As shown in table 5, the effect produced by lithium was more 
marked when 5 microgm. of Benadryl were used as antagonist. When 1 microgm. 



TABLE 5 

Effects of tons upon recovery from Benadryl and atropine 


NO. OF THE EX- 
PERIMENT 
AND EFFECT 

BENADRVL 

DOSE 

CONC. OF IONS XK TYRODE 
SOL. 

k’ 

"tests OF significance"* 


wtcrogm. 




I 

5.0(2 det.) 

Standard 


Betw'een high K+ and standard : 

Accelera- 

5.0 

2 X K+ 

wl 1 


t.'on 

5.0 

3 X 


Between 4 X Mg+ and standard : 

slowing 

5.0 

5 X K+ 

Wk? 

f == 2.3 P < 0.05 S. 

down 

5.0 

4 X Mg+ 

0.055 


II 

1.0 (4 det.) 

Standard 


Between high Ca'*-*' and stand.: 

Accelera- 

1.0 (2 det.) 

4 X Ca++ 

0.16 

i = 1.9 p = 0.05 S. 

tion 





III 

1.0(3 det.) 

Standard 

0.11 

Between high Ca'*'^ and stand.: 

Accelera- 

1.0 (2 det.) 

2 X Ca++ 

0.13 

f = 3.9 P < 0.01 H.S. 

tion 

1.0 

4 X Ca-^ 

0.22 


IV 

2.0(3 det.) 

Standard 

0.11 

Between high Li'*' and standard: 

Accelera- 

2.0 (2 det.) 

1 X Li+ 

0.10 

1 = 1.0 P = 0.3 N.S. 

tion 

2.0 

2 X Li+ 

0.11 


V 

5.0 (2 det.) 

Standard 

O.OS 

Between high Li'*' and standard : 

Accelera- 

5.0 

2 X Li+ 

0.12 

i = 7.9 P < 0.01 H.S. 

tion 





VI 

1.0 

Standard 

0.11 

Between ATP and standard : 

Accelera- 

1.0 

ATP- 

0.17 

t = 1.6 P < 0.2 N.S. 

tion 






10.0 

Standard 

0.063 

Between Sr'*"*' and standard : 


10.0 

-f-0.0075 M Sr++ 

0.10 

/ = 4.0 P < 0.01 H.S. 

tion 




Between high Mg'*'* and stand.: 

slowing 

down 

10.0 

3 X Mg++ 

0.041 

< = 2.7 P < 0.02 S. 


ATROPINE DOSE 





inter asm. 




VIII 

2.0 

Standard 

0.074 

Between high K'*' and standard : 

-Accelera- 

2.0 

2 X K+ 

0.210 

1 = 6.3 P < 0.01 H.S. 

tion 





IX 

5.0 

Standard 

0.077 

Between high Mg*"* and stand.: 

Slowing 

5.0 

+ 

X 

0.055 

1 = 2.7 P < 0.02 S. 

down 






* Altliough there is no definite proof that variations of k' follow a normal distribution, 
application of the conventional methods for evaluating significance was tentativel}' done. 
Tor the calculation of the total variance, the sum of squares were pooled according to 
Snedecor (41 . When the number of data available (ni and n.) were very different and the 
variances also very different, the approximate method proposed by Cochran and Cox (see 
Snedecor, 4) was applied. The quantity t, as usual, was calculated by dividing the dif- 
ference of the two means of k' by the square root of twice the variance of the means. It 
is to be insisted upon that the use of statistical methods to deal with data derived from 
a mathematical equation constituted only a first attempt to get more information from the 
data presented in the table. In that sense, information presented in column 5 will be no 
less conventional than that afforded by calculation of the SE for 
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of licnncliyl was used, nccolcmlion produced l)y adding Li+ to the Tyrodc solu- 
t ion was pro!)ably non-significant. The anion ATP" produced a Blight acceleration 
of rccovcrj'. 

As regards the constants de.scribed, an increa.se in potassium concentration 
produced a considenihlo increase in the value for the constant Ic' and conso- 
<iucntly a decrease in the value for the constant Hjn, with no alteration of the 
mathematical relationship existing between tlicm (c<piation II). The point corre- 
.‘?ponding to the pair of values for both constants will run upward along the hy- 
perbole representative of that equatiem. The opposite effect was observed when 
the concentration of magnesium was incrcasc<l up to three to five times of that 
of the standard Tyrode solution. Table 5 shows typical c.vpcrimcnts performed 
with Hcnadryl and atropine, showing the effects of different ions upon the values 
of/:'. 

The aceclcrating cfifect of potassium ions was very impressive. When their 
concentration was dropped to ono-lmlf of tlic standard, the muscle would oven 
lose its capacity of recovciy after inhibition by antihistaminics. The same in- 
ability to recover was also ohseived when tlic eoncontnition of the calcium ions 
wa.s dropped to one-half of the standard. If, however, the perfusing hath was 
switched to a richer potassium solution, rc(!Overy started very shortly and pro- 
ceeded in an urc(‘lcrating rule and in a few minutes the muscle would attain 
full sensitivity. 'Phat this full sensitivity wius solidly acquired could ho shown 
by ebanging again tlie bath to a one-half concentration of K'*’ or nhcrc 
the muscle continued to respond to the active <lnig ns it did before, until after a 
new udditi(jn of the antagonist tlic scitsitivity dropped to a very low level. A 
dccniasc in concentration of to a half of the .standard did not alter signifi- 
cantly the rate of rcctwcry. 

Discussion. 'I'he proce.ss of rccovcrj* of the .smooth muscle afforded a con- 
venient mctliod for testing drug antagonism. For each dose of the antagonist 
added to the perfu'^ing bath one has a set of data to calculate the constant /c' 
that is connected with the time for 50 per cent rccoveiy through a simple mathe- 
matical equation. In the current methods for ns.saying antagonist potontsy only 
one datum is available for each addition of the antagonist dose. When llw ex- 
ceeds GOO .‘seconds, at least seven figures are available for each dose of antagonist. 
With the cun-cnl methods of assay, obtaining so many data would imply repe- 
tition of llic assay with a considerable delay due to mu.sclo recovery. 

The Ihcnrotical implications {»f tlic method have been discussed in another 
paper (1). The quantitative analysis presented in this report led to the conclusion 
that inhibition by synthetic antihistaminics and by atropine toward acetylcholine 
is likely to depend upon tlic same intimate mechanism. Zadina (5) arrived at a 
similar conclusion, by using difTerent methods of assay. Since inhibition by anti- 
histaminics and atropine depends upon the same quantitative proce.ss, as shown 
by the calculation of constants k' and Ra> we arc entitled to speak of identity and 
not merely of analogy. Moreover, cations as K+ and Mg++ appeared to affect the 
course of recovery from inhibition by antihistaminics and atropine in a strikingly 
similar way. Another consequence of the analysis presented in this and the previ- 
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ous report, is that recoverj’^ follows an auto-catalytic course. This conclusion was 
based on the fact that the values for constant h of a monomolecular reaction 
steadily increase as recovery proceeds. To calculate the constant h rve have as- 
sumed that the percentage of blocked receptors (100 — Po) at time 0, would 
measure the “concentration” (a) of a hypothetical complex formed between 
receptors and antagonist. Experimental evidence, however, indicated definitelj'- 
that such a complex is not formed, and the process of recoverj"- appeared to depend 
exclusively upon the intimate potentialities of the muscle itself. This unexpected 
conclusion opened up the theoretical problem of finding a new basis for the 
equations emploj^ed. Since recovery proceeds until the 100 per cent level is at- 
tained it seems logical to assume that 100 — Po indicates some surface or spatial 
configuration that has been damaged or disturbed by the antagonist, the magni- 



Fig. 4. Refhactobiness Produced by High Doses of Acetylcholine 
At the arrows, increasing doses (from 2 to 50 microgm.) of acetylcholine were applied 
for exactly one minute. In each case a maximal contraction followed (indicated by the open 
tracingl. The muscle was assayed every 1.5 minute, with 0.15 cc. of histamine solution 
(1 ;2 million). 


tilde of that quantity denoting a sort of stress or pull conditioning velocity of 
recoverj^. The alternative explanation would be that recovery depends upon the 
auto-catalytic regeneration of an enzymatic system that has been damaged b3^ 
the antagonist applied. 

Another aspect of the problem should be discussed here. Refractoriness after 
iiigh doses of spasmogenic agents such as histamine, acetylcholine and pilocarpine 
has been loiown for a long time (6). In 1946, Cantoni and Eastman (7) described 
the effect of ions of potassium upon refractoriness developed after the action of 
liigh concentrations of these agents. They interpreted their findings bj'' assuming 
that refractoriness is the consequence of the exhaustion of a metabolite used up 
during the maximal contraction produced bj' the spasmogenic drug. We have 
verified that the curves of recoimry after the interaction of high doses of histamine 
and acetylcholine are essentially^ the same as those that are typical for recovery 
after antihistaminics and atropine, iNuth the difference that the process presents 
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two distinct phases. Immediately after the action of tlie higli doses of tlie spn-smo- 
genic drug, the responses progressively decrc-aso attaining a minimum; after 
that minimum i.s attained, the process of recovery begins and from there on, it 
follows the same law n.s for antihistanunics and atropine. The effect, however, 
depends strongly upon the actual concentration of the spiismogcnic agent added. 
Although 1 or 2 microgm. of acetylcholine, for instance (fig. 4), are able to pro- 
duce a ma.\imnl tetanic response, the refractoriness that follows that dose is 
rather slight in comparison with that produced bj' 10 or 50 microgm. of acetyl- 
choline, that produce a similar tetanic response for exactly the same interval of 
time. The idea of an exhaustion of an cnergj- yielding metabolite would not 
explain this quantitative difference. Morcox'cr, by the action of antihistiiminics 
and atropine, there occurs no response, notwitlistanding that, refractoriness 
appears to depend upon an analogous mechanism. Since the effects of certain 
ions (potassium and magnesium) are similar in both processes, it might appear 
probable that refractoriness due to antiliist.aminics, atropine and also to high 
concentrations of histamine and acetylcholine xvould depend upon the s.ame 
kind of disturbance of the ionic arrangement at the surface of the myosin mole- 
cule. Considerable work has been done on the effect of cations upon the physio- 
logical properties of myosin and interesting suggestions are contained in the 
monograph by Szcnt-GyOrgj'i (8) on auto-cataljiic disturbances of the ionic 
Layers adsorbed upon the myosin molecule. A better understanding of the mcch- 
aiusm of recovery studied in this and in prox-ious papers (1, 3) will probably 
depend upon progress in the study of ionic intemetion during muscular con- 
traction. 


SDMIIAIIV 

Recovery of smooth muscle (guinea pig gut) after inhibition produced by anti- 
histaminics and antispasmodics was used ns an nss.aying method for quantitative 
ex’aluation of antagonism potency, using liistaminc as spasmogenic dnig and 
Benadryl as a running control (potency = 1). The constant 7/ and the index Rw 
(time in seconds for a 50 per cent recox’cry) xverc employed as numerical data 
to evaluate potency of the antagonists employed (Benadryl, Neo-antergan, 
Pyribenzamine, Antistin, Mg.322, Tmsentinc and Pctludine). 

Recovery from inhibition produced by atropine toward acetylcholine xvas 
found to follow the same numeric.al Ians as rocovory !wm inhibition toward 
hiskamine, by the abox'c mentioned inhibitors. 

Correlation between the two quantities and Rm (found) as obtained by 
entirely independent procedures, xvas found to bo highly significant (r = 0.94 
forn = 93). 

Using the method of recovery, the effect of increasing the concentration of 
cations (calcium, potassium, magnesium, lithium and strontium) in the standard 
Tyrode solution xvas studied. The cations K+ and Mg++ displayed strildngly 
antagonistic effects, the former accelerating the process of recovery and the 
latter slowing it down. 
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TABIiK 



Nu 906 and Nu 911 when 1 per cent solutions were used. It seemed that head- 
drop was about to occur, but the characteristic stale was not established. On the 
assumption that excretion or inactivation was occurring at a rate comparable 
to that of injection, the concentration was increased to 5 per cent. Head-drop 
then was produced which was of short duration and was uncomplicated by mus- 
carinic side effects or fasciculation. In this series of compounds, the dose necessary 
to produce paralysis increased as the muscarinic action decreased. 

The substances are listed in table 2 B in decreasing order of their capacity 
to antagonize curare. TOcn prior intravenous injections of the neostigmine-like 
agents into rabbits were followed by d-tubocurarinc assays, a definite capacity 
to increase the dose of d-tubocurarine required to produce head-drop could be 
demonstrated for all compounds except Nu 900 and Nu 91 1 (table 2) . Only in the 
instance of neostigmine was it possible to find a dose which increased the curare 
head-drop dose to more than 200 per cent of the control value. This suggests 
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that there may be a quantitative limit to the antagonism of curare, determined 
by the number of available molecules of cholinesterase or of acetylcholine present 
in the region of the neuromuscular units affected tmder the conditions of the 
assay. 

An attempt -was made, for the purposes of comparison, to find a dose of each 
of the neostigmine-like compounds which would increase the curare assay titre 
to approximately 175 per cent of control. For nearly every drug having both 
actions, this dose was about one-fourth that necessary for the production of 
head-drop by the compound administered alone. 


TABLE 2 


Curare and anii-curare action, of carbamate co}npounds 


NO COiiroOND 


Neostis- ! 
mice j 

1526 

i 

633 

1 

1317 

6S8 

1560 

1331 

1534 

1 

906 


A. Curare action — rabbits head-drop 


Dose mgm ,/ ! 




HI 

Oi 

1 

i 





kgna 

0.122 

0.14 

0.23 

1 

10 

Bi 

5.5 

10.5 

33.5 

20.80 

j 11.67 


B. Anti-curare action — antagonism of d-tubocurarine 


oosE or cosiro. 


PEE CENT OP CONrSOE HEM)-DEOP DOSE D-TOBOCOEAEINE/NOMDES OP ANUtAtS TESTED 


0.025 

184/10 

144/4 i 

115/5 1 




1 

j 




0.05 

256/10 

193 / 11 ' 

140/9 ' 








0.075 

263/9 i 

j 









0.1 ! 

i 

j 

167/10 



109/2 

95/2 


100/2 


0.2 

i 

j 

199 / 10 ' 



131/9 

108/2 


103/3 


0.25 1 

i 

i 

1 

184/6 

135/8 1 






0.5 

1 



181/6 

152/8 ' 

150/10 

106/2 

103/2 

104/2 


0.75 



i 


179/9 






1.0 


1 

1 

! 



183/12 

123/4 

126/8 

102/2 

105/2 

2.0 







165/15 

153/10 

102/2 

100/4 

5.0 


j 




160/8 


176/10 

1 

100/2 

5.8 









82/2 



It seemed desirable to establish the synergistic curarizing action of neostig- 
mine, the strongest anti-curare drug, with the compounds of the series having 
the purest curare-like action, Nu 911 and Nu 906. Rabbits given prior intra- 
venous injections of neostigmine (0.0125 mgm./kgm., 2 rabbits; 0.05 mgm./kgm., 
5 rabbits; and 0.075 mgm./kgm., 2 rabbits) were titrated to head-drop with Nu 
911. The head-drop dose of this curare-like neostigmine congener was lowered bv 
the prior injection of neostigmine to 53 per cent, 50 per cent, and 37 per cent, 
respectively, of the control value. The animals showed no signs of muscarinic 
action, had moderate respiratory embarrassment and recovery from head-drop 
within 40 to 90 seconds. Head-chop could again be produced if additional doses 
of Nu 911 were given. The same relationship to neostigmine was established in 
preliminaiy experiments with Nu 906. 
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Discussion. Wc have described a series of carbonyl compounds which range 
from congeners having strong anti-curare activity to compounds which have 
curare-liko action only. It is of significance that if the members of this scries be 
arranged in order of their decreasing anti-curare potency ns determined in rab- 
bits, this order very closely coincides with the order of tlicir cholinergic action. 

The BjTicrgism in curare-like activity between Nu 911 and neostigmine is 
reminiscent of the results obtained when similar doses of neostigmine were given 
prior to assays of quinine cthochlorido as a curarirlng agent (2). With quinine 
cthochloride, smaller doses of neostigmine were antagonistic to and the larger 
doses Bummated with its paralytic action. The Bjmergism between neostigmine 
andNu 911 and Nu 900 raises the possibility that Uie curarc-like action of neo- 
stigmine hero isc-vaggerated by the presence of molecules of a compound of similar 
structure. The two actions, the anti-curare and the curarc-like, may bo duo to ' 
different chemical properties. In abolishing the anti-curare action in this series, 
the curare action was correspondingly weakened, but, nevertheless, persisted in 
demonstrable amount. Even though relatively large quantities of Nu 900 and Nu 
911 were necessary to produce curare-like cflects, it is possible that compounds of 
similar structure might bo more potent paralysants and yet be ns free of objec- 
tionable cholinergic side actions. 


CONCaUSIONS 

A series of neostigmine congeners has been studied by means of the rabbit 
head-drop assay for curare and has been demonstrated to have both curare and 
anti-curare action. 

Two compounds, Nu 911 and Nu 900, Avere shown to bo purely curare-liko. 
This curare-liko action differs from the true curare action in that it is sumihatcd 
Avith, not antagonized by, neostigmine. 
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V'liile engaged in a toxicity study concerning the potential industrial hazards 
of substituted glycerol ethers, we observed (1) that paralysis could be produced 
in mice, rats, and rabbits by the oral administration of several beta and gamma 
, derivatives of alpha glycerol ethers. This was contrary to the findings of Bradley 
and Berger (2) who stated that the grouping — 0— CH^— CROH— CRz— OH 
appeared to be necessary for the production of paralysis. Recently, Berger (3), 
reporting on a more extensive series of glycerol ether derivatives, re-emphasized 
the point that substitution in the beta and/or gamma hydroxyl group decreased 
or destroyed the paralyzing activity of the alpha glycerol ethers. Since a large 
series of alpha and alpha, gamma substituted ethers and esters were available 
to us, we undertook the evaluation of the relative paralyzing activity of these 
compounds in mice and compared them with Myanesin, the most successful 
compound of Berger’s series. 

Berger has based his comparison of the relative effectiveness of glycerol 
ethers solely on their ability to produce paralysis in small quantities. However, 
it seemed to us that other properties were also important in agents which might be 
used to produce muscular relaxation in man. We, therefore, included a deter- 
mination of the duration of paralysis and of the solubility characteristics in the 
comparison of the members of our series. 

I. Paraltsis in mice produced by substituted glycerol ethers 

Method. Paralyzing’ and lethal doses were determined by intraperitoneal injection 
of a solution or suspension of each compound in mice. The intraperitoneal route was chosen 
in preference to other routes, since results obtained by this method were more constant. 
Male, white, inbred Swiss mice, five to six weeks old, weighing 20 db 2 gm. were used ex- 
clusively. Animals were denied food ten to fourteen hours prior to injection. Each com- 
pound was prepared immediately before use in 5, 10 and 20 per cent concentrations, w/v 
or v/v, depending on its physical state. When solubility permitted, 0.9 per cent NaCl so- 
lution was the solvent; otherwise, a 6.0 per cent gum acacia homogenate was prepared. In- 
jected mice were tested for loss of the righting reflex at one-minute intervals. More fre- 
quent testing was found to stimulate the mice and delay the onset of paralysis. In those 
cases in which paralysis occurred it commenced within eight imnutes of injection. Para- 
lyzed animals were observed until recovery or death resulted. 

The number of paralyzed and dead animals, the time for loss and recovery of the righting 
reflex, and the time of death were recorded. Using the probit method of Miller and Tainter 

’ Aided by grants from the Research Board of the University of California Medical School 
and the Lii^' Research Laboratories, Indianapolis 0, Indiana. 

’Paralysis was said to have occurred when a mouse placed on its’back failed to right 
itself for at least 60 seconds. 
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(4), tho LDii and PDi«wctc cstimutod and the activity ratio, (LDit/l'Dul, and tho standard 
error calculated. 

Results. Tho phnrraacologio effects obtained were qualitatively similar for all 
classes of compounds. The outstanding sign was a flaccid paralysis, which was en- 
tirely reversible at small doses. There was no excitatory phase preceding paral- 
ysis, and tho onset was usually rapid. Weakness of tho hind extremities and im- 
paired locomotion usually occurred about 30 seconds prior to loss of the righting 
reflex. Respirations were depressed and, with higher doses, became diaphrag- 
m.atic in nature. Wflicn death occurred, it appeared to bo duo torespiratory paraly- 
sis. Tlicse obscn'ations are similar to those made by Berger and Bradley (5) 
and others (C). 

The muscle-paralyzing activity levels of 43 members of eight different classes 
of substituted glycerols was determined. These classes included the following: 
alpha ethers; alpha, gamma diethers; alpha, beta, gamma triothers; gamma 
esters of alpha ethers; beta, gamma esters of alpha ethers; alpha, gamma esters 
of beta ethers; beta esters of alpha, gamma diethers; and alpha glycidyl ethers. 

Quantitatively, the compounds were found to differ in (a) the time of onset 
of paralysis, (b) the duration of paralysis, (c) the quantity necessary to produce 
paralysis, (d) tho ratio between the lethal and paralyzing doses. These differ- 
ences are shown in table 1 for certain representative compounds. 

Tho following compounds were found unsatisfactory, since they possessed one 
or more of tho following undesirable chamctcristies: (1) they were incapable of 
producing paralysis in doses of less than O.CG gm./kgm., (2) the LDi/PPi' was 
less than 2.0, (3) they were completely water-insoluble. Compounds which fell 
into this category grouped according to chemical class were: (1) alpha glycerol 
ethers: methyl; ethyl; isopropyl; secondary butyl; tertiary butyl; amyl; 3,5,5 
tri-raethyl cycIohe.\yl; methyl amyl carbinyl. (2) alpha gamma diethers: methyl, 
methyl; isopropyl, isopropyl; isoamyl, isoamyl; diethyl carbinyl, diethyl car- 
binyl; methyl isobutyl carbinyl, methyl isobulyl carbinyl; methyl, phenyl. 
(3) alpha beta gamma triothers: methyl, methyl, methyl; methyl isobutyl 
carbinyl, beta hydroxy ethyl, methyl isobutyl carbinyl. (4) beta, gamma di- 
esters of alpha ethers: secondary butyl, acetate, acetate; cyclohcxyl, acetate, 
acetate; tri-methyl cyclohcxyl, acetate, acetate. (5) alpha gamma diethcr beta 
esters: methyl isobutyl carbinyl, acetate, mctliyl isobutyl carbinyl; phenyl, ace- 
tate, methyl. (0) alpha gamma dicsters of beta ethers: acetate, isopropyl, ace- 
tate. (7) glycidyl ethers: isopropyl; phenyl; nonyl phenyl. 

II. Physical pkopekties op Tire substituted glycekol ethehs. With the 
exception of tho alpha ortho tolyl derivative, the alpha phenyl glycerol ether, 
and tho beta sodium succinate salt of alpha ethyl gamma phenyl glycerol ether, 
all of tho compounds studied were liquids. The majority of the compounds pos- 
sessed but slight water solubility, and consequently had to be administered as 
suspensions in gum acacia. The partition coefficients of the compounds which 
showed satisfactory activity ratios were determined in an effort to obtain addi- 

* Adapted from the range finding to.-deity determination of Deichmann and Mergard (7). 




Phenyl ethyl Na sue- 0.54 ± .02 1.38 ± .08 1.6 4.1 2.6 6.5 ± 2.3 2.9 ±0.5 15.4 ± 3.3 II 7.0 

cinate 

♦ These compounds were supplied by the Organic Synthesis Department, Shell Development Laboratories, Emeryville, California. 
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tional physical data which might help to explain difTerenccs in pharmacologic 
activity. 

Method, Solutions of tho glycerol derivatives were made up in cither distilled water 
or USP cottonseed oil, depending upon tho relative solubility of tho compounds. To this 
solution in water or oil, oil or water was added, the mixture was shaken, and it was placed 
in a water bath at 25* C, until tho phases had separated. Tho refractive index of the oil or 

TABLE 2 


Summary of iniporlont pkt/sieat data /or certain glycerol ethers* 


scssnTurn) ettettoL mu 

uotxctruk 

WnCQT 







ftr cent 


Alpha n-butvl,. 

MS 

1.0007 

100.0 

O.OII 

Alpha phenyl 

IGS 

l.HSt 

10.0 

0.17 

Alp!»a cyelohcxyl 

174 

l.OGSO 

1.0 

O.IO 

Alpha o-lolyl (Myancsin) 

182 

l.MOOt 

1.0 

1.50 

Alpha ethyl, gamma iso- 





propyl 

1G2 

0.0201 

100.0 

2.S5 

Alpha ethyl, gamm.a phct>yl . . • 

100 

1.0730 

0.1 

13.7 

Alpha isopropyl, gamma 





phenyl 

210 

1.0137 

<0.1 

45.5 

Alpha n-butyl, gamma phenyl. 

221 

1.0003 

<0.1 

35.7 

Alpha isopropyl, gamma tolyl 

223 

1.02C9 

<0.1 

291.0 

Alpha ethyl, beta sodium 





succinate gamma phenyl . . 

338 


20.0 

0.0052 

Alpha phenyl, gamma acetate. 

210 

1.1633 

0.1 

16.4 

Alpha phenyl, beta, gamma 






252 

1.1601 

<0.1 

71.4 

Alpha tolyl, beta, gamma di- 



acetate 

2GG 

1.1252 

<0.1 

154.0 

Alpha, g.amma dibutyl, beta 





acetate — 

24G 

0.9524 

<0.1 

333.0 


• The authors acknowledge the help of tho Physical Chemistry Department, Shell De- 
velopment Laboratories, in obtaining these data. 

• In vacuum at 20V^‘'C. unless othcnvisc noted. 

t Expressed to nearest unit of 10. 

t In vacuum at G0*/4*C. 

water phase was determined by means of an Abb4 refractometcr and tho concentration of 
the ethers in tho two phases was determined by rcforcnco to standard concentration curves. 

In tabic 2 appears essential physical data concerning the more active deriva- 
tives. 

Discussion. Comparison of our findings with those of Berger concerning the 
relative potency of identical glycerol ethers may show discrepancies because of 
the difference in the route of administration employed. However, similar trends 
are detectable with both methods. For example, while we found the butyl and 
not the amyl derivative to be the most potent in the mono-substituted alpha 







418 


C. H. HIKE, H. E. CHMSTBNSEN AND F. J, MURPHY 


ethers, both investigations indicated that neither aliphatic ether, was as potent 
as were the aryl substituted derivatives. Our differences in potency and activity 
ratio between the phenyl mono ether and the ortho methyl phenyl ether were not 
as great as reported by Berger. Also, in our series the mono cyciohexyl ether 
produced a satisfactory paralysis without convulsions. The greatest difference 
in our conclusions, however, was as to the grouping necessary for the production 
of satisfactory paralysis. Contrary to Berger’s opinion that "substitution in the 
hydroxy groups also decreased or destroyed activity,” wefound that the substitu- 
tion of an alkyl group in the gamma hydroxy position of several of the mono 
glycerol ethers increased the potency of the alpha ethers to the point where it 
coincided with that of Myanesin. Esterification of the free hydroxy groups had a 
varying effect upon potency. In some instances it was increased, while in others 
it was decreased. The outstanding effect of esterification was the increase in the 
duration of paralyzing activity. Duration of activity has not been used as a 
criterion of comparison by Berger in evaluating the potential usefulness of his 
series of substituted ethers. 

We believe that duration of action is of considerable importance in choosing 
agents for further testing of effectiveness in the production of muscular paralysis. 
We have arbitrarily chosen the PDm and LDso doses as convenient points for 
measuring the duration of action. Any other dose level might serve as well. 
The determination of paralyzing doses, lethal doses, their ratios, and the duration 
of paralysis by this mouse technic furnishes an objective method of comparing 
two or more compounds. However, these data must be interpreted with caution, 
since the picture of “paralysis” in the mouse is not well delineated. With certain 
of the compounds we have tested, it is our impression that there was a consider- 
able degree of sensorj’’ depression accompanying the muscular relaxation. This 
was especially noticeable with the esters at the higher dose levels. 

The solubility characteristics of the ethers should be considered in making the 
selection of agents for further evaluation. This is especially important if the 
compoimd is to be administered orally. Myanesin, for example, because of its 
poor water solubility (one per cent), does not possess as high an activity ratio 
following oral administration to mice and rats as it possesses following paren- 
teral a^inistration. The distribution coefficient between oil and water. 


Ki 


(: 


oil \ 


^ J, is also a factor of importance when cellular penetration and duration 
of action are vital. Reference to table 1 and table 2 indicates that a majority 


of compounds which have a prolonged action also possess a highK value. 


The alpha ethyl gamma isopropyl derivative is unique in that it is the only water 
soluble compound in this series which possesses a liigher K value than Myanesin. 
While the potency of the ethyl isopropyl derivative is considerably less than 
that of Myanesin, the activity ratios are comparable, and the longer duration of 
action obtained with the double ether suggests that it would be advisable to 
examine it more extensively. 

While on theoretical grounds it would seem advantageous to explore the 
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lipoid solubility characteristics of the alpha gamma diolhers and esters, many of 
these compounds arc difficult to administer because of their extremely low water 
solubility. An attempt was made to solubilize one of these agents by preparing 
the double salt of an c-asily metabolized organic acid. The results obtained were 
partially successful, since the solubilized other possessed double the duration of 
action but was only slightly less potent. It is interesting to note that while the 
latent period of the acid derivative was definitely longer, paralysis did occur in a 
reasonably short time, indicating a rapid metabolism of the solubilizing group. 
Further exploration along these lines is indicated. 

STOIMAnV 

1. A series of substituted glycerol ethers and esters were examined for their 
muscle paralyzing activity. 

2. Contrary to the conclusions of Berger, we have found considerable paralyz- 
ing activity to be present in alpha gamma substituted glycerol ethers and in the 
mono and diesters of alpha ethers. 

3. A general correlation was shonm to e.\ist between lipoid solubility and dura- 
tion of action. 

4. We believe that physical properties and duration of action should be con- 
sidered in addition to potency and activity ratios when evaluating new com- 
pounds of this class. 

5. The alpha ethyl gamma isopropyl derivative, because of its water solubility 
and duration of action, warrants further pharmacologic study. 
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Although the circulatory effects of veratrum and its various alkaloidal active 
principles have been investigated quite extensively (3) the respiratory effects 
have never been studied systematically. This is not surprising since the most 
definitive studies of veratrum actions have been made with perfusion, heart- 
lung or open chest preparations. Yet the respiratory effects are remarkable 
enough to warrant further study. The general pattern — respiratory depression or 
apnea associated with bradycardia and vasodilatation, all abolished by vagotomy 
and therefore presumably reflex in origin — is almost unique among drugs and 
is sometimes, in honor of its discoverer (4), called the Bezold effect. This effect 
duplicates that of strong stimulation of the pressoreflex system of the carotid 
sinuses, but the influence of vagotomy proves that the actions of veratrum do not 
depend on carotid reflexes, which are characteristically intensified by vagotomy 
(5, 6). Veratrum apnea furthermore is exceptional among chemoreflexes, which 
otherwise are almost invariably stimulant to respiration. Finally according to 
existing information from experiments on cats (7) the receptors responsible for 
veratrum apnea are located in the distribution of the pulmonary artery while 
those from which the circulatory effects arise are supplied by the coronaries. 
Apart from the general interest of this distribution of the veratrum-sensitive 
nerve structures, this is the first hint of the presence of chemoreceptors in the 
distribution of the pulmonary artery, where their physiological significance, 
if any, would necessarily be entirely different from that of chemoreceptors sup- 
plied with arterialized blood. 

The experiments now to be described were undertaken in hopes of securing 
more complete information about the respiratory effects of veratrum, in an 
animal (the dog) not previously studied and under conditions as close as possible 
to the normal. 

Methods. Mongrel dogs weighing from 9 to 19 kgm. were used. Anesthesia was produced 
by morphine (1 mgm. per kgm. subcutaneously) and ohloralose (50-100 mgm. per kgm. intra- 

’ Read in part at the annual meeting of the Federation of American Societies for Experi- 
mental Biology at Detroit, Michigan on April 22, 1949 (1) and at the May 17, 1949 meeting 
of the Physiological Society of Philadelplria (2), 
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tion, U. S. A. 

’ National Institute of Health post-doctorate research fellow. 

’Present address: Department of Surgery, Baylor University, College of Medicine, 
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vonously). A tracheal cannula usw iLsc<l routinely. Blood pressure was recorded from a 
femoral artery by a mercury manometer. Respinitory movements were registered by a 
pneumoRraph ami tambour. Injections were made (a) ii\travenou.sly into an external jugu- 
lar; (b) into the coronary arteries through a catheter introduced through one common 
carotid artery and maniijulatcd so ns to bring the injecting tip either ])roximal or distal to 
the origin of the coronaries; (c) into the pulmonary artery through a catheter inserted 
through an external jugular vein and manipulated under fluoroscopic control so as to bring 
its tip into the pulmonary artery at various levels;* (d) into the carotid sinus (prc.s.'sore- 
ceptor) or caroti<l bo<ly (chemoreceptor) regions by moans of injection needles inserted into 
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A catheter introthiced through one common carotid artery with injecting tip either 
proximal or distal to the origin of the coronaries; B. catheter introduced through an exter- 
nal jugular vein with its tip into the pulmonary artery at various levels; C. cnnnulatcd 
lingual artery for injecliou into the carotid body chomoreceptnrs; D cannulated superior 
thyroid artery for injection into the carotnl sinus pressoreccpltus. 


the superior thyroid and lingual arteries with the external carotid tied between the origins 
of the internal carotid and occipital arteries (8). The arrangement of the various injecting 
devices is shown in fig. 1. Further ilctails of tlie means by which the site of injection was 
ascerlaineil during the experiment will be given in conjunction with the results obtained. 
Vcratriiline was used to elicit tlie Bczold effect bcc.au‘’e Kraycr® and his iis.sociates (9, 10) 
have found it one of the most effective of the veratrum alkaloids in clieiting the full reflex. 

Resuli'S. I. All intravmoufi injection of u suitable <Io.se of vcratridinc was fol- 
lowed in about six to eight seconds by (he typical Bczold effect, viz., apnea, 
bradycardia and lo’potcnsion (fig. 2). The minimum effective dose was usually 
1 microgm. per kgm., wliieh produced an apnea lasting about fifteen seconds, 

* The dogs which wore subjected to cardiac catheterization were given sodium heparin, 
100 Toronto unit/kgm. 

* We wish to thank Dr. Otto Kraj'cr, Harvard ^Fcdical School, for supplying us with the 
purified veratrum alkaloiiLs. 
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heart rate changes ranging from slight slowing to complete asystole, and a fall- 
in mean bloOd pressure to about 70 per cent of the pre-injection level. Smaller 
doses produced hyTiotension but there was little or no bradycardia; the degree of 
respiratory depression tended to parallel the bradycardia. Atropine selectively 
eliminated the bradycardia but the hypotension and respiratory depression 
remained. Bilateral vagotomy abolished all effects. Section of the carotid sinus 
and depressor nerves (the latter, following Koch (11) by cutting each superior 
laryngeal nerve close to its parent vagus so as to retain the pulmonary afferents) 
produced no notable change in the veratridine effect except that the hypotension 
lasted a longer time. 
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Fig. 2. Lvcreasing Intrave.xous Doses of Veratridine 
A, 0.5 mierogm./kgm. ; B. 1.0 microgm./kgm. ; C. 1.5 microgm./kgm. Record of respira- 
tion, arterial blood pressure, signal, and time interval of 5 seconds. Dog, 16 kgm. 


The phenomenon of tachj’phylaxis, already well-known for veratrum alka- 
loids (12, 13) proved to be a major obstacle in these experiments. Dratving on 
previous experience with ephedrine (14), tvith which tachyphlaxis can be min- 
imized by employing minimal dosages and allowing time to elapse between them, 
we used the minimum effective dose of veratridine so far as possible, and paused 
at least five minutes between injections. Even then we found that after three to 
ten such injections there was a progressive decrease and disappearance of effects 
in the following order; apnea, bradycardia and hypotension. Eventually even 
large doses became ineffective in changing the respiration and pulse although 
hypotension was still produced. 

The intensity of the respiratory depression produced by veratridine can be 
judged from the fact that apnea was still elicited when the drug was injected 
during the hyperpnea produced by inhalation of 5 per cent CO 2 in oxygen or of 
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0 per cent oxygen in nitrogen, orb3* intravenous injection of O.OI mgm. of meth- 
acholinc per kgm. The slate of the circulation also plaj's a role: in an animal 
in shock an intravenous injection of 3 mgm. of veratridino per kgm. produced 
only slight hJ^)o(ension and no apnea, but after restoration of the circulation by 
fluid replacement tlie full response (including apnea) returned. 

II. hocalizaiion of the receptors. A. In (he heart. For these experiments injections 
were made through a cntlictcr introduced through a common carotid (fig. 1-A). 
The position of the tip in relation to the origin of the coronarj' arteries was 
ascertained by injection of acetylcholine througli the catheter. This produced 
immediate asj'stole if injected so as to enter the coronaiy stream, a more gradual 
hj’potension \vitho\U bradycardia if injected into the aorta bcj'ond the coron- 
aries (fig. 3). Veratridinc under the former circumstances caused bnidj'cardia 
and hypotension while under the latter it had no distinct effect. In seven of the 
twelve dogs thus studied respiration was not visibh' cliangcd, while in the re- 
maining five there was a slight decrease in height of the pneumogram following 
injection of veratridinc into the coronary' stream. In no ease nas there nnj' apnea 
although an intravenous injection producing equal or smaller circulatory' re- 
sponses rcgularlj* gave rise to definite airnea (fig. 4). Thus the apnea is seen not 
to be due to irradiation into the respimtoiy' center of strong impulses intended 
primarily for the cardioinhilrilory center, and a totally sejrarate set of receptors 
is jrrobahle. 'I'lic.-^c arc not in tlie aortic or carotid bodies since injections of vera- 
tridine into the aortic arch distal to the origin of the coronaries were ineffective 
even when six times the minimum effective dose was used and immediate hj'pcrp- 
nea following injection of sodium c.vanidc indicated accessibility of this set of 
chemoreceptoiv to dnigs injected tltrough (he catheter (fig. 3). 

Arc the rccei)tors rcsi)onsii)le for brad.vcardia and hypotension located on the 
endocardial surface? Kvidcncc on (his was .nought by measuring the latent 
period* between injection of veratridinc ami (he onset of bradycardia when the 
injections were made (a) into the left auricle (through a tul)C previously inserted 
through the auricular api)cndagc) and (1)) into the left ventricle (by pushing the 
aortic catheter through the aortic valves). This period averaged 3.9 seconds 
following (a), 2.3 seconds following (b). The receptors therefore appear not to be 
on the endocardial surface, but farther in the course of the blood and thus in the 
distribution of the coronarj' arteries. 

B. Pulmonary receptors. Injections into the right side of the heart or into the 
pulmonaiy' artciy, by moans of a suitable catheter (fig. 1-B), elicited csscntialij' 
the same rcsponsc.s as intravenous injections. The circulatorj' effects were almost 
equal to those of injections into the coronaries hut here apnea also was seen 
(fig. o). When the catheter tip was in one of the distal branches of the pulmonaiy' 
arteiy’ veratridinc produced an immediate apnea while the bradycardia came 
on about six seconds later. Blocking the ipsilateral vagus with cold or procaine 
abolished the apnea of such injections but the circulatory' clTccts were unchanged 
or only slightly diminished (fig. G). That this loss of the apneic re.sponsc was 

^ An electrocardiograph facilitated the measurement of the cardiac reflex latent period 
to the nearest 0.2 second. 




A. uccfcylclioUtie 0.5 mgm./kgm. ami B. veratridiiic 1 microgm./kgm. into left ventricle. Same doses of C. acetylcholine .and D. 
veratridine and K. sodium cyanide 0.5 mgm./kgm. into .aortic arch. Record of respiration, arterial blood pressure, signal, and time 
interval of 5 .seconds. Dog, 17 kgm. 
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not simply due to tachyphylaxis was shown by its return on wanning the cold- 
blocked vagus and its retention when the contralateral vagus was blocked. 
Thus receptoi’s in the peripheral parts of the lungs arc seen to bo mainly respon- 


t 







Kl«. 4. VkIUTUIIiINI. I .\|lCnOf5M./K<5M. IXJhCTKO 

A. intravenously mid It. into loft ventricle. Itecord of ie<»|>ir5ition, arterial iilood pre«»*iuro, 
signal, ami time interval of 3 seeoinb Dog. It kgm. 



Fia. 5. VF.n.vTiiiniNK 1 Micitoau /K«m. I.s'jcctbd 
A. left ventricle and JJ. right pulmonarj’ artery. Uecord of re.sjnratimi, arterial blood 
pressure, signal, and time interval of 5 seconds. Dog, 17 kgm. 


siblc for the voratridine apnea while the cireulatoiy effects probably are dvie to 
access of the drug to the cardiac receptors described in the preceding section. 

Further confirmation of this conclusion was obtained by inhalation of vera- 
tridinc in aerosol form through the tracheal cannula. This produced distinct 
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apnea, usuallj^ without bradycardia or hypotension (fig. 7). The effect was abol- 
ished by block of the two vagus nerves but attempts at anesthetizing the receptors 
by inhalation of 1 to 5 per cent cocaine hs’-drochloride solution in aerosol form 
were unsuccessful. Nevertheless the occurrence of apnea without the usual 
cardiovascular effects when veratridine was inhaled indicates that at least some 



Fig. 6. Effects op Reversible Block of Cervical Vagus on Veratridine 1 Microgm./ 
Kgm.; Injected into Left Pulmonart Artery, Under Following Conditions: 

A. vagi intact; B. cold block of left vagus; C. after its recovery; D. cold block of right 
vagus; E, after its recovery. Record of respiration, arterial blood pressure, signal, and 
time interval of 5 seconds. Dog, 17 kgm. 



Fig. 7. Inhalation into Lower Respiratory Tract 

A. ether, B. saline, C. veratridine solution, 5 mgm./cc. After cutting vagi, D. saline and 
E. veratridine inhalations repeated. Record of respiration, arterial blood pressure, signal, 
and time interval of 5 seconds. Dog, 10.6 kgm. 


of the receptors lie in intimate relation with the pulmonary alveoli. Further 
localization was not attempted. 

C. Carotid receptors. Injection of a suitable dose (1 microgm. or more) of vera- 
tridine into one common carotid artery by way of its superior thyroid branch led 
almost immediately to bradycardia and hypotension, but the apnea charac- 
teristic of the Bezold effect now was replaced by hyperpnea similar to that 
elicited by cyanide or lobeline (fig. 8). Exactly the same results were obtained 
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when veratridine was injected into the carotid body region isolated ligatures 
from the carotid sinus (fig. 1). Injection into the carotid sinus-internal carotid 
region separated by ligature from the carotid body (fig. 1) had no effect. Section 
of the sinus nerve led to complete abolition of bradycardia, hypotension and 
hyperpnea from any intracarotid injections of veratridine in six of nine dogs 
tested, whereas hj’potension persisted in the other three. 

Thus it appears that veratridine is capable of eliciting its characteristic cardiac 
slowing and hypotension from structures in the carotid bodj"^ region, but the con- 
comitant respiratorj'' effect in our animals was stimulation, not depression. The 
effects upon heart rate and respiration appear to be entirely due to reflexes from 
the carotid body region, since they were abolished by ipsilateral section of the 
sinus nen’e. The same statement can be made about the hypotension in six of 
the nine animals. Its persistence after denervation in the remaining three prob- 
ably was not due to an action on the central nervous system since no such effect 
was seen upon injections of the same doses into the carotid sinus. This hypoten- 
sion was accompanied by increased blood flow in the hind limb, as measured by a 
theiTuostromuhr (15) applied to the femoral vein. 

Discussion. The results of our experiments on nearly intact dogs agree with 
those of Dawes (7) on cats with exteriorized hearts with regard to a separate 
location of the receptors responsible for the respiratorj" and cardiovascular 
effects of veratrum (the Bezold effect). The characteristic respiratory depression 
or apnea originates in puhnonaiy receptors which can be activated either by in- 
jections of veratridine into the pulmonarj" arterj" or bj" inhalation of the drug in 
aerosol foim, without concomitant circulatoiy effects. The cardiovascular effects 
(bradycardia and vasodilation) can be elicited bj" injections into the coronaiy 
arteries with negligible effects on respiration or none at all. We were also able 
to confirm Jarisch and Richter (16) as to the ability of veratrum to set up tj"pical 
cardiovascular reflexes from the carotid bodj' region of the dog, but we do not 
believe that this action plaj'S an important part in the Bezold effect as oi’dinarily 
seen. Our reasons are that the latter (a) is not significantlj" altered bj" denervation 
of both carotid reflex zones, (b) is completelj" abolished by bilateral vagotomy 
although the carotid inneiwation is intact, and (c) is not seen when a dose of 
veratridine, which causes immediate bradj^cardia and vasodilatation when in- 
jected into the aorta proximal to the origin of the coronarj" arteries, is injected 
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above, the Bczold effect duplicates exactly the result of strong stimulation of the 
carotid sinus pressoreceptors, cither by a rise in intra-carotid pressure (5, G, 19) 
or by an electrical current applied to the nerve fibers between the carotid sinus 
and carotid body (17). Yet the total lack of effect from injections of veratridine 
so that they reach the carotid sinus without touching the carotid body shows that 
the carotid pressoreceptors arc not involved in the Bczold effect. The best ex- 
planation of these findings at present is that the action of veratridine on the 
carotid reflex mechanism is non-specific, resembling that of potassium ions (20, 
21) and affecting the chemorcccptors rather than the pressoreceptors because 
the latter arc nearly insensitive to chemical agents in general. This would explain 
the hjijcrpnea and bradycardia. The vasodilatation, however, points to the 
presence in the external carotid distribution of receptors of a tjTDc not previously 
known to exist here. The fact that section of the sinus ncn’c docs not always 
abolish this effect indicates that the receptors are not confined to the carotid 
body and may indeed be in an entirely different location. 

As far as vcralnim apnea is concerned, wc can fully confirm Dawes* (7) con- 
clusion that this is due to reflexes from special receptors somewhere in the 
lungs. Their exact location is still uncertain but the occurrence of apnea on 
inlialation of a veratridine aerosol shows that some of these receptors must lie 
in the alveolar walls or pulmonary' capillaries and veins. The absence of con- 
comitant circulatory effects indicates that sj’stemic absorption is not involved, 
.Tlic apnea is due to a Bpccific reflex, not to irradiation into the respiratory' center 
of strong impulses intended primarily for the vasomotor and cardiorcgulatory 
center, because tbo respiratory effect — (a) was minimal or absent when vera- 
tridinc was injected into the coronary stream and maximum bradycardia and 
vasodilation were present; (b) began almost instantly on injection of the drug 
into the pulmonary' artery' while the circulatory effects ^Yc^c delayed for a period 
corresponding closely with the pulmonary circulation time, ns indicated by 
similar injections of acetylcholine or cyanide; (c) on injection into one pulmonary 
artery', was abolished by blocking the ipsilatcral vagus while the circulatory 
•effects occurred much as before; and (d) could be elicited by inhalation of vera- 
tridinc vapor without any cardiovascular effects. 

The respiratory' effect apparently was cntirelj' reflex, at least in the doses used, 
because it was abolished bj' vagus block or section and was not elicited by' injec- 
tions through the internal carotid artery'. Intracarotid injections actually caused 
hyperpnea instead of apnea but the absence of this effect after section of the 
sinus ner\'cs shows that it was not central in origin. 

The physiological significance of the veratrum--scnsitivo reflex sy’stem is as 
obscure to us as it has been to others (2, 4, 7). The suggestion (7) that the apnea 
is due to stimulation by' veratmm of pulmonary' stretch receptors leaves unex- 
plained the lack of involvement of other pulmonary stretch receptors which 
stimulate breathing (22, 23). One of the most striking attributes of stretch recep- 
tors is their insensitivity' to chemical agents (24), and our results with injections 
of veratridine into the carotid sinus indicate that these stretch receptors are 
indeed insensitive to this drug. The same objection applies to the suggestion (7, 
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25) that the cardiovascular effects elicited by veratridine are due to an action 
by the drug on stretch receptors in heart chambers, coronary artery and pul- 
monary artery. Nevertheless it is difficult to conceive that the reflex system 
through which the Bezold effect is elicited can be activated only by some drugs 
to which few if any ancestral forms could have been exposed. Actually a few less 
exotic substances have been found capable of activating this mechanism. These 
are foreign serum (26, 27), ethylacetoacetate (28), nicotine (7), adenosine triphos- 
phate (29), and some antihistaminic agents (30). At the present time there is no 
evident common property in this list and the physiological stimulus to the system 
is obscure. The main significance of the veratrum alkaloids lies not in their 
therapeutic value, but in their availability as tools to aid in the identification, 
localization and eventual elucidation of this extraordinary mechanism. 

SUMMARY AND CONCLUSIONS 

The mechanism of apnea following an intravenous injection of veratridine 
was investigated on nearly intact dogs by catheterization of their cardiopul- 
monary circulation. It was fotmd to be a reflex from special receptors in the lungs 
that were accessible to the pulmonary circulation and alveolar air. 

Injections of veratridine into the coronary arteries caused reflex bradycardia 
and vasodilatation with negligible effects on respiration. Injections into the 
carotid body areas initiated similar circulatory changes. 

These veratridine-sensitive receptors in the lungs, heart and carotid body 
area await further investigation as to their physiological significance. 
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In an effort to elucidate the mechanism of action of the rodenticide alpha- 
naphthylthiourea (ANTU), a thiourea derivative which causes acute pulmonary 
edema and pleural effusion in susceptible animals without demonstrably affecting 
extrapulmonary tissues,’ this laboratory has studied the effects of a large number 
of compounds on ANTU toxicity to rats. Our results with the majority of these 
have previously been reported (1, 2), and may be summarized as follows. Potas- 
sium iodide was found to give a high degree of protection provided that it was 
administered prophylactically more than six hours prior to the injection of two 
LDbo’s of ANTU. Cysteine, when given simultaneously iivith the rodenticide, 
delayed the onset of symptoms and time of death, but did not decrease mortality 
while 1-thiosorbitol administered similarly produced a significant decrease in 
mortality. Neither of these compounds, however, was effective if given as little 
as i hour after the injection of ANTU. On the other hand, n-amyl mercaptan 
conferred a significant degree of protection against ANTU when the former was 
given one hour before, simultaneously with, or one hour after the rodenticide; if 
given two hours after, it no longer reduced mortaUty but still delayed the onset 
of symptoms and time of death. 

It has previously been suggested (1) that these -SH containing compounds 
may exert their protective action by competing mth ANTU for essential tissue 
constituents. It occurred to the authors that compounds structurally related to 
ANTU but having less toxicity might prove more effective in counteracting the 
lethality of the rodenticide to rats. The present study was undertaken to test 
this hypothesis. 

’ Prom a thesis submitted to the Faculty of the Graduate School of the University of 
Maryland by Jack P. Saunders in partial fulfillment of the requirements for the degree 
of Master of Science. 

’ Present address : Department of Obstetrics and Gynecology, Mayo Foundation, Roch- 
ester, Minnesota. 

’ Present address: Mid-Atlantic Nutrition Unit, U. S. Public Health Service, Baltimore, 
Maryland. 

* Norway rats, albino rats and mice, pigs and dogs are reported to be the most sus- 
ceptible animals to ANTU (killed by doses less than 50 mgm./kgm.) (3, 4). Accidental 
poisonings of cats and dogs have occurred. So far as is known at present ANTU is probably 
non-toxic to man, except, perhaps, in largo amounts. No cases of human poisoning have 
been reported. 
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‘Materials and metuods. Tho compounds tested in this study* included five singly 
Nnsubstituted thiouren derivatives, clghtsyromotrically disubstituted thiourea derivatives 
and three related substances. The singly N-substituted derivatives included three N-alkyl 
thioureas (allyl, isopropyl and n-Iauryl), one N-acylthiourca (acetyl) and ono N-arj-1 
thiourea (2,5-dichlorophcnyl). Tho symmetrienUy disubstituted group contained two 
N,N'-dialkyllhiourcns (di-n-butyl and di-isopropyl), three N,N'-diatylthiourca3 (di-2- 
chlorophenyl, di-l-naphthyl and di-o-tolyl) and three compounds with tho thiouroylcno 
grouping as part of a ring (thiouracil* 2*imidazolidincthiono [ethylene thiourea] and 
5-chIoro-2(3)-bcnzimidnzolclhione). The remaining compounds included ono derivative 
with a divalent substituent on one nitrogen (ctb 3 'lidonc thiourea) and two thiazoles 
(2-mcrcaptobenzothiazolc and 2-thiourcido-4-mctliyl tldazole). The formulae for these 
substances aro presented in table 2. 

^^^sta^, albino rata of both sexes, weighing from 220 to 300 gm,, were used throughout 
these experiments. Tho animals were bom and raised in our animal colony and maintained 
for no less than one month on a diet prcviousl)' described (1). Injections of ANTU and all 
compounds tested, with the exception of thiourncil, were given by the intrapcritoncal route 
with constant non-toxic quantities of propylene glycol (1.0 cc./kgm.) as the vehicle. Thio- 
uracil wa.s administered by the same route os a suspension in aqueous 1 per cent sodium 
methyl carbox 3 ‘lic cellulose. Simultaneous injections of ANTU and test-compounds were 
given scp.aratclj'inlo different areas of the abdomen- All compounds were tested for toxicity 
prior to their use in an experiment; those that were found to be moderately toxic (deaths 
occurring with doses of 60 mgm./kgm. or less) were administered in maximal sub-lethal 
dosage. 

Tests were conducted in groups of six or ten animals. Control animals were injected on 
each test-day ^rith tlio same dose of ANTU (2 LD*eV *■ 6.0 mgm./kgm.) as given to rats 
subjected to treatment. Both control and experimental (treated) groups were observed 
for a period of five days following tlie injection of ANTU. Autopsies wero done whenever 
there was a question as to the cause of death. 

Results. Ethylene thiourea (2-imidazolidinethionc) was tho first of tho group 
to be found cflectivo in counteracting the toxic effects of ANTU, Because a com- 
paratively largo supply of this substance was at hand, in contrast to the small 
amounts of the other compounds available, more data were assembled for this 
compound than for any of the others. Ethylene thiourea significantly reduced 
mortality among ANTU poisoned rats when given simultaneously with two LDgo’s 
of the rodenticidc,and this protection was apparently more or less constant, regard- 
less of the dose administered or route of injection (table 1). Because there proved 
to be no significant difference between the degree of protection furnished by 200 
mgm./kgm. and that furnished by 25 mgra./kgm. doses, a 50 mgm./kgm. dose 
was arbitrarily selected for further studies with this compound. 

When this amount of ethylene thiourea was injected simultaneously with two 
LDbo’s of ANTU, the c.\pcctod mortality was reduced from 89 per cent to 40 

‘ With the exceptions of ethylene thiourea and 2-thiourcido-4-mcthyIthiafolo, all of the 
compounds tested were kindly furnished by Doctors Curt P. Richter and Sally H. Dieko, 
Psycbobiological Laboratory, Johns Hopkins Medical School, who, in turn, received them 
from the Eastman Kodak, Du Pont, Merck and American Cyanamid Companies (6). The 
ethylene thiourea was obtained through the courtesy of tho Rohm and Haas Companj*, 
Philadelphia. Tho thiouracil was kindly furnbhed by the Lcderlo Laboratories, Inc. 

* LDm «*» 2.47 mgm./kgm., calculated by the method of Bliss (6). 
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per cent^ and the survival time of treated animals dying was increased (table 2). 
When given prior to the injection of the rodenticide, ethylene thiourea afforded 
increasing amounts of protection as the interval between the time of its adminis- 
tration and that of ANTU was increased; i.e. — ivhen injected fifteen minutes 
before, it decreased mortality from 85 per cent to 35 per cent, one hour before — 
from 80 per cent to 20 per cent, two hours or 24 hours before — ^from 70 per cent 
or 84 per cent to zero (table 3). It is interesting to note, however, that the injec- 
tion of this compound s'lx hours before decreased the mortality from 70 per cent 
to 10 per cent, suggesting less protection when given six hours before than when 
given two hours prior to the injection of ANTU. Although the mortality differ- 
ence is not statistically significant, it was observed in the two experiments per- 
formed that the symptoms manifested by surviving rats (principally dyspnea) 
were more severe, on the whole, in the six-hour group than in the two-hour group. 

TABLE 1 


Effect oj various doses of ethylene thiourea when given simultaneously with ANTU* 
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SURVIVAL TIME (HOUES) 
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SOtJTEt ! 

i 

Controlt j 

E* 5 icrimental 



tract. 

% 

tract. 

% 

Control 

Experimental 

200 

I.P. 

10/10 

100 

3/10 

30 (V) 

14.1 

23.6 

100 

I.P. 

10/10 

100 

5/10 

50 W) 

14.1 

20.4 

SO 

I.P. 

10/10 

100 

2/10 

20 (V) 

14.1 

20.0 

50 

i S.Q. 

10/10 

100 

2/10 

20 (V) 

14.1 

22.0 

25 

I.P. 

10/10 

100 

4/10 

40 (V) 

14.1 

21.8 


* 2 LDso’s (5.0 mgm./kgm.), equivalent to an expected mortality of ca. 90 per cent. 

t Route of injection, I.P. = intraperitonealiy, S.Q. = subcutaneously. 

t These experiments were run on the same day; one control group, injected with ANTU 
only, served for all. 

(V) P < 0.01 by Student’s “t” Test (13). 

TiTien the ethylene thiourea was administered one or two hours after the injec- 
tion of ANTU it still afforded apparent protection, decreasing mortality from 
80 per cent and 70 per cent to 57 per cent and 40 per cent, respectively, and in- 
creasing survival time (table 4). 

It is well known that Norway rats rapidly develop tolerance to ANTU (7-11) 
and that a small dose of the rodenticide administered a sufficient period of time 
beforehand vdll protect against an otherwise lethal dose given later.® In order to 

’ The expression “mortality reduced from 89 per cent to 40 per cent” ns used here and 
throughout the paper will indicate that the mortality was reduced from a figure of 89 per 
cent in the control group to a figure of 40 per cent in the experimental group. 

® In order to determine whether or not there was some substance present in the blood of 
rats made tolerant to ANTU which served to protect them from the rodenticide, the follow- 
ing experiments were carried out. 

1. A group of five rats was injected intraperitonealiy with the serum (1.5 co. per rat) of 
animals that had built up a tolerance to more than fifteen LDso’s of ANTU, simultaneously 
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* CjoHj-NHCSNHj, injected intraperitoncally in a dose of two LDse’s {5.0 mgm./kgm.), equivalent to an expccte<l mortality of ca, 
per cent. 

t Injected iatraperitoncally in a constant, non-toxic quantity of propylene glycoi (1.0 cc./kgm.). 

(V) P < O'Ol by Student's “t” Test (13). 
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compare the protective effect of prophylactically administered ANTU with that 
of prophylactically administered ethylene thiourea, an experiment was planned 
in which several groups of rats received either ethylene thiourea or a small dose 
of ANTU at varying lengths of time prior to the administration of two LDeo’s of 
the rodenticide. The results are sumrnarized in table 3. When ANTU was injected 
in a dose of 1 mgm./kgm., it killed one of six animals; the remaining five however 
were protected against two LDbo’s administered 24 hours later. Two of the five 
rats were moderately dyspneic but recovered. A dose of 0.5 mgm./kgm. killed 
none of six animals; however, two of the six died when injected with two LDbo’s 
24 hours later. Survival time was greater than that of the controls. Whea. ANTU 

TABLE 3 


Effect of thioureas and related compounds when given prior to ANTU* 




TIME OF 1 


ifOBTAUTV 


APPROXIMATE 
MEAN SURVIVAL 
TIME (hours) 

COMPOUNT) 1 

DOSEf 

inJlCiiucI I 
(iioims 
BEFORE 

ANTU) 

1 Control 1 

1 . ! 

Experimental i 

OF ANIMALS 
DVING 



fract. 

% 

iract. 1 

% 

Control 

Experi* 

mental 

Isopropyl Thiourea 

1 mem./ 
kern. 

50 

1 

8/10 

80 1 

i 

0/10 

0 ( V ) 

11 


Ethylene Thiourea 

60 

.25 

22/26 1 

85 

9/26 

35 ( V ) 


19.0 

Ethylene Thiourea 

50 

1 

16/20 1 

SO 

4/20 

20 ( V ) 

1 

22.8 

Ethylene Thiourea 

50 

2 

14/20 ! 

70 

0/20 

0 ( V ) 

1 IKl 

— 

Ethylene Thiourea 

50 

6 

14/20 1 

Kil 

2/20 

10 ( V ) 

13.0 

13.0 

Ethylene Thiourea 

50 

24 

30/36 ! 

83 ! 

0/28 

0 ( V ) 

12.0 

■HB 

ANTU 

0.5 

2 

8/10 1 


10/10 

100 

13.0 


ANTU ' 

0.5 

6 

8/10 ' 



90 

13.0 

lESfl 

ANTU 1 

0.5 

24 

8/10 • i 


1 2/6 1 

33 

13.0 


ANTU 

1.0 

24 

8/10 



0 ( V ) 

13.0 

B| 


* Injected intraperitoneally in a dose of two LDso’s (5.0 mgm./kgm.), equivalent to an 
expected mortality of co. 90 per cent. 

t Injected intraperitoneally in a constant, non-toxic quantity of propylene glycol (1.0 
cc./kgm.). 

t There were originally six animals in this group, but one died with symptoms of ANTU 
poisoning following the 1.0 mgm./kgm. dose. 

(V) P < 0.01 by Student’s “t” Test (13). 

was administered in a dose of 0.5 mgm./kgm. either six or two hours prior to the 
injection of two LDbo’s, it completely failed to protect, more rats dying in the 
experimental than in the control groups. Ethylene thiourea, on the other hand, 
afforded as much protection when it was administered two hours before the 
rodenticide as it did when given 24 hours before. 


with the administration of two LDto’s of the poison. All of the animals died. Rats receiving 
the serum alone showed no ill effects. 

2. A group of 25 rats received two LDm’s of ANTU after the solution of the latter had 
been mixed (1.5:1) with the serum of rats tolerant to more than fifteen LDbo’s. Injections 
of the mixture either immediately after mixing or following a five-hour incubation period 
at ST'C. were equally lethal; 23 of the animals died and no increase in survival time was 
observed. 
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Of tho remainder of the tliioureas and relnte<l compounds tested, only two, tho 
isopropyl and allyl tliioureas, offered highly significant protection against ANTU 
(tabic 2). 5-Cliloro-2(3)-bonzimida2olethiono conferred less, but still definitely 
significant, protection, while cthylidcnc thiourea offered protection which was 
probably significant. 2,5-Dichlorophcnyl tliiourca did not decrease mortality but 
produced a markedly increased average suiwival time. All of the remaining com- 
pounds were completely incfrcctivc in counteracting the toxic effects of ANTU. 

Tlio isopropyl and allyl thioureas turned out to be the most effective thera- 
peutic agents against ANTU that we have so far discovered. Wien a 100 mgm./ 
kgm. dose of isopropyl thiourea was injected at the same time as two LDti’-s of 
ANTU, it decreased the mortality from 83 per cent to 25 per cent, and when 
given in a dose of 50 mgm./l;gm. it reduced the mortality to zero. Although a few 
of these rats became moderately dj-spncic, all recovered. As will be mentioned 

TABLE I 


Effect (i/ thiourcai nnti related compounds when piten offer ANTU* 




mtz or 


UOSTAUTY 
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couroovo 
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(flOOIt 

ArtT* 

ANTU) 

CoQtwl 

Eiiicnowolil 
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tnct. 

H 

fnet. 

% 

Control 

Erperi' 

meoul 

Isopropyl Thiourea 

ifIK. 

50 

1 

8/10 

SO 

1/10 

10 M 

13.0 

30.0 

Allyl Thiourea 

60 


8/10 

80 

0/10 

maaim 

PH 

— 

Ethylene Thiourea 

60 

1 

24/30 

SO 

17/30 

57 


1G.5 

Ethylene Thiourea 

50 

o 

14/20 

Ki 

8/20 



15.7 


• Injected intrupcritoncally in a doee of two LDi^’b (G.O mKm./kgni,), equivalent to an 
expected mortality of crt. 00 per cent. 

t Injected intraperitoncally in a constant, non-toxic quantity of propylene glycol 
(I.O cc.Aem.). 

(V) P < 0.01 by Student’s "t" Test (13). 

again later on, most of the thiourea compounds, when given in sufficient amounts, 
produce the same sj’mptoms and pathological findings, and probably kill by the 
same mechanism, as does ANTU (5). The 100 mgm./kgm. dose of isopropyl 
thiourea is one-fifth of its approximate LDm, as determined by Dieke (5), and 
may have been too largo to exert an optimum amount of protective action. At 
any rate, the smaller dose of tho compound was more effective; the same type of 
thing seems to have occurred with 2,5-dichlorophenyl thiourea, 5-chIoro-2(3)- 
benzimidazolethione and ethylidene thiourea (see below). Isopropyl thiourea also 
decreased the mortality to zero when 50 mgm./kgm. were administered one hour 
before the rodenticidc (table 3), tho rats shoiving slight, if any, symptoms of 
poisoning. When given one hour after ANTTI, this thiourea still exerted a marked 
degree of protection, only one of ten animals dying (table 4). 

Allyl thiourea, administered in a dose of 50 mgm./kgm. simultaneously with 
ANTU, decreased the number of deaths from the e.xpccted 90 per cent to 15 per 
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cent (table 2). Wlien this amount was given one hour after the injection of ANTU, 
it completely protected the rats from the lethal effects of the rodenticide (table 
3). Several of the animals became severety dyspneic, but all recovered. Neither 
5-chloro-2(3)-benzimidazolethione nor ethylidene thiourea conferred a significant 
amount of protection when administered in a dose of 50 mgm./kgm. However, 
when this dose was halved to 25 mgm./kgm., mortality was reduced from 85 
per cent and 84 per cent to 42 per cent and 57 per cent, respectively (table 2). 

It should be noted from table 2 that while the isopropyl and allyl thioureas were 
highly effective in protecting rats against the lethal effects of ANTU, the average 
survival time of the treated animals that did die was markedly shorter than that 
of the control animals. This acceleration of the appearance of symptoms and the 
time of death of certain individuals was caused by ethylidene thiourea also, as 
well as by many of the compounds that failed to protect, especially among the 
symmetrically disubstituted thiourea derivatives. The action of 5-chloro-2(3)- 
benzimidazolethione, however, resembled that of ethylene thiourea not only in 
the degree of protection conferred, but also in that it usually produced a definite 
delay in the onset of sjmiptoms and time of death®. Both are compounds having 
the thioureylene grouping as part of a ring. 

Discussion. An examination of the structures of the compounds found to give 
prophylactic and/or antidotal protection against ANTU poisoning in rats shows 
that they can be classified into two groups: (a) alkyl-monosubstituted thioureas 
and (b) compounds with the thioureylene gi’oup as part of the ring. Two com- 
pounds in the first group were found to be effective: isopropyl thiourea and allyl 
thiourea. Wliile allyl thiourea seems to be the most promising compound since 
it decreased mortalitj’" from 80 per cent to 0 per cent when given one hour after 
ANTU, the degree of protection offered by it was not significantly different from 
that offered by isopropyl thiourea. Ethylidene thiourea, a thiourea with a divalent 
substituent on one nitrogen and thus a compound closely related to the 
alkyl-monosubstituted thioureas, offered probably significant protection when 
given simultaneously with ANTU. The two compounds found effective in group 
(b) were ethylene thiourea and 5-chloro-2(3)-benzimidazolethione. Thiouracil, 
also a member of this group, was totally ineffective when given simultaneously 
vith ANTU. However, this compound is very insoluble and enough maj' not have 
been absorbed in time to be effective. The compounds of group (a) differed 
markedly from those of group (b) in that the suivival time of rats d 3 dng was 
decreased by the former. This property was shared by the ineffective compounds 
of group (a) as well as by the alkyl- and arjd-disubstituted thioureas that we 
have tested. However, the aryl-monosubstituted thiourea, 2,5-dichlorophenyl 
thiourea, when given in a dose of 50 mgm./kgm. increased the mean survival time 
from twelve to twenty hours without decreasing mortality. Thus the substitution 
of chlorine in the 2 and 5 positions of the benzene ring not only greatly decreases 
the toxicity of phenyl thiourea and 2-chIorophenyI thiourea (5), but apparently 
provides a small degree of ANTU-antagonistic action. 

® This compound, when administered in a dose of 50 mgm./kgm. simultaneously with 
ANTU, caused nearly complete prostration for 24 hours or more. The 25 mgm./kgm. dose 
caused semi-prostration for a period of several hours. 
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We have observed that lethal quantities of nllyl, n-lauryl, di-isopropyl and 
cthylidene thiourea will all produce pulmonary edema and pleural effusion, indi- 
cating, in all probability, a racebanism of action similar to that of ANTU itself. 
TOiile limited supply prevented us from administering the other compounds in 
lethal amounts, Diekc and her coworkers (5) have shown that a largo number of 
the thiourea derivatives they sorecned for to.vicity to rats shared the capacity to 
cause increased capillary permeability in the lungs. These included methyl, 
acetyl, allyl and, probably, isopropyl thioirrcas, as well as a large number of N- 
arjd derivatives. DuBois cl al. (14) have reported that a toxic dose of allyl thio- 
urea has the same effect ns docs iVNTU on the blood sugar and liver glycogen of 
the rat, producing a rapidly appo.aring hj-porglycemia and a marked persistent 
drop in liver glycogen. It seems probable, therefore, that thiourea derivatives 
confer antidotal protection by acting as competitive antagonists against ANTU. 
Elvehjem has rccentlj' briefly reviewed the subject of metabolic antagonists (15) 
and has indicated that it is now generally recognized that slight modifications in 
the stnrcturc of certain vitamins, for c.xnmplc, may change them from essential 
nutrients to mebabolic antagonists, ns illustrated by the well-knomi anti-para- 
aminobenzoic acid activity of sulfanilamide. Similarly, a modific.ation of the 
structure of ANTU apparently enables the altered compound to counteract the 
toxic cffocts of ANTU in the anim.al body. 

Structural differences, as might be c-xpected, apparently govern the protective 
action of a given thiourea. Tlius n-lnutyl, the long chain nlkjd-monosubstituted 
thiourea, was ineffective, whereas the short chain alkj’l-monosubstitutod thio- 
ure.as, isopropyl and allyl, were highly protective. Further studies are now in 
progrc.ss to axamino a more complete series of monosubstituted thioureas. 

BOMMAKY 

1. Two alkyl singly N-substituted thiourea derivatives, allyl thiourea and 
isopropyl thiourea, administered in an intraperitone.al dose of 50 mgra./kgm. 
were effective in significantly reducing mortality in rats when given simultane- 
ouslj' with or one hour after two LDjo’s (5 mgm./kgm.) of ANTU. All the com- 
pounds of this type tested, as well ns several less effective alkyl- and nryl-disub- 
stituted thioureas, reduced sundval time of rats djdng. 

2. Ethylideno thiourea, a thiourea with a divalent substituent on one nitrogen, 
was also effective in reducing mortality when given in a dose of 25 mgm./kgm. 
simultaneously rvith ANTU. 

3. Two compounds with the thiourejdcne grouping ns part of a ring, ethylene 
thiourea and 5-ehloTO-2(3)-bcnzimidazolethionc, significantly reduced mortality 
when given simultaneously with ANTU. Ethylene thiourea also significantly 
reduced mortality when given one, two, she and 24 hours before ANTU and af- 
forded apparent protection when administered one or two hours after the rodenti- 
cide. Both of these compounds increased the survival time of rats dying. 

4. It is suggested that these thiourea derivatives confer their protection against 
ANTU poisoning by acting as competitive antagonists to the rodenticide by 
virtue of their related structure. 
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Pharmacological studies have been made on compounds in a scries of benz- 
hydrylamincs (1) which contain a 2-chloroelhyl group since these compounds 
arc chemically related to N-(2-cUloroethyl) dibcnzylamine*HCl (Dibenamine) 
which exerts adrenergic bloclcing action (2), and arc also related to benzhydrjd 
ethers such as diphcnliydramine*nCl (Benadryl) which arc cflcctivo antihista- 
mine compounds (3). Wo have prenously presented endenco that certain 2- 
chlorocth)*! derivatives exert a dual block and thereby prevent certain effects of 
both epinephrine and histamine (4-9). Compounds were tliercfore axamined for 
adrenergic blocking and antihistamine properties, and some which exerted 
appreciable adrenergic blocking action w'crc studied in more detail. 

Mernoo akp nesertTS. Tbo loUial studies consisted of screening procedures for pre- 
sumptive evidence of adrenergic blocking action os indicated by ability of test compounds 
to diminish the toxicity of epinephrine in mice, and of ontihlstamine action ns revealed by 
diminution of histamine-induced broncbioconstrietion in guinea pigs. Acute oral toxicity 
was determined in mice so as to permit comparisons of the LDu 'ritb doses used to demon- 
strate pharmacological activity. Finally, selected compounds were used in dogs and cats 
to gain information from responses of arterial blood pressure and reactions of the nictitating 
membrane which concerned adrenergic blocking, ontihistamino and ntropine-like action. 

A. Aculc oral toxicity and dimviution of epinephrine toxicity in mice: Included 
in table 1 arc the calculated doses of the various compounds which, when ad- 
ministered orally to groups of twenty mice two hours previous to intrapcritoneal 
injection of epinephrine, reduced mortality from 07.0 ri: 1.53 per cent (established 
in 40 groups of twenty, saline-trcatcd control mice) to 33.5 per cent. Details of 
the procedure and comparisons of several types of adrenergic blocking and other 
types of drugs have been published (7-9). 

It is of interest to note that the methyl liomologue (No. 1 in table 1) failed to 
diminish epinephrine toxicity in mice and that an analogous compound in a series 
of N-(2-haloalkyl)-l-naphtlialencmethylaraincs (8) exerted less activity than 
higher liomologues. Definite activity' was exhibited by’ ethyd, propyl and butyj 
homologues (compounds 2 to 7). As indicated previously (7, 8), antagonism Oj 

* Wc gratefully acknowledge the assistance of Parke, Davis and Company for financial 
flupport and tho compounds which wero sy-ntbesired by Drs. G. Rieveschl, Jr., and R. W. 
Fleming. 

* Present address: Department of Physiology', Boston University School of Medicine, 
80 East Concord Street, Boston 18, Mass. 


441 



442 EARL R. LOEW, PAtTL ACHENBACH AND ADDREY MICETICH 

epinephrine could be demonstrated one hour following their administration, indi- 
cating a more rapid onset of action and/or absorption than "with the drug, 
Dibenamine, which exhibited activity after two or three homrs. 

A lower degree of activity was demonstrated with higher alkyl homologues 
(Nos. 7 to 9; isobutyl, n-amyl and n-hexyl). The low solubility of these com- 
pounds did not permit preparation of 1.0 per cent aqueous solutions so suspen- 
sions in gum acacia were employed. It is improbable that the low activity ex- 
hibited was solely due to poor solubility since these three compounds were readily 
dissolved in propylene glycol, and even then, in doses of 6.0 mgm./kgm., failed to 
reduce epinephrine toxicity. It is probable that activity was somewhat less in the 
case of these higher alkyl homologues, as was true in the series of 1-naphthalene- 
methylamines (8), but which contrasts with the equal activity of an entire series 
of 2-(2-biphen3dyloxy)-2'-chlorodiethylamines (9) when administered orally in 
mice. 

Activity was only moderate in the case of the methoxyethyl (No. 10) and 2- 
amyl (No. 12) derivatives. Substitution of 2-chloropropyl for the 2-chIoroethyl 
group (compare No. 13 and 4) halved the activity. No activity was demonstrated 
with the secondary 2-chloroethylamine (No. 14) or when a methyl group was 
substituted for 2-chloroethyl (No. 15). 

The acute oral toxicity was determined as previously described (7) and was 
low with all those compounds examined. Since activity was demonstrated with 
small doses there is a large ratio of acute toxic dose to the dose employed to dem- 
onstrate pharmacological activity in mice. 

B. Effect on histamine-induced hronchiospasm in guinea pigs: Subcutaneous 
injections of several compounds were made in groups of twelve guinea pigs 30 
minutes before subjecting them to an histamine-aerosol which induced 92 per 
cent mortality in a like number of controls. Doses of 12.5 and 25.0 mgm./kgm. 
(Nos. 1, 2, 3, 4, 6, in table 1) failed to diminish hronchiospasm sufficiently to 
reduce mortality, indicating that no appreciable antihistamine activity was 
demonstrated under the specified conditions. Further search for antihistamine 
action was made in studies related to vascular responses. 

C. Vascular responses to epinephrine, histamine and acetylcholine: Compounds 
numbered 1 to 6 in the series (table 1) were injected intravenously into one or 
more intact dogs anesthetized with pentobarbital sodium to determine whether 
they altered pressor responses to epinephrine hydrochloride (10 microgm.) and 
depressor responses to histamine diphosphate (50 microgm.) and acetylcholine 
bromide (25 microgm.). Before the slow intravenous injection (two min.) of the 
compound being tested, each pressor and depressor agent was injected intrave- 
nously tvdce and such injections vrere repeated during the intervals 10 to 30, 60 
to 90 and 120 to 150 minutes after the test compound. 

In each of two experiments, the methyl homologue (No. 1, table 1) in doses 
of 10.0 mgm./kgm. failed to alter pressor or depressor responses to epinephrine, 
histamine and acetylcholine; failure to demonstrate epinephrine antagonism 
thus agrees with the inactivity demonstrated in mice. The ethyl homologue 
(No. 2 or SY-2), in doses of 3.0, 5.0 and 10.0 mgm./kgm., induced diminution, 
blockade and reversal of the pressor response to epinephrine, but no impressive 
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diminution in the depressor responses to liLsUiminc and acet 3 'lcholinc. Similar 
findings were obtained u'ith tlie isopropyl horaologuc (No. 4) and the magnitude 
of its effect appeared to bo comparable to tlmt of the ethj'l and isopropyl com- 
pounds. 

Several other members of the series (Nos. 3, 5 and G) were less soluble in water 
so 0.5 per cent solutions were prepared with the aid of propylene glycol (15 per 
cent final concentration) and injected intravenously. In doses of 10.0 mgra./kgm., 

TAULE 1 


The onfoj^ontsm oj epinephrine tcith X'Qlkyt-N-(S<hloroelhyl) bemhydrylamtnes 




Ri 

Ri 

M 

ACt-Tt TOY- 
laTVOIAt, 
UICZ LPm ^ 
S. E. 

LD«/ 

trrto 

TtVE 

DOST 

DOSES Wjticn 
rAOED TO 
DIUlKlSn niSTA- 
KIKE-IWOUCED 
SIOKCntOSTASSt 
IM CtHKEA 

rics (svBonrA- 

htOVS) 

CciBp.No.* 

Ri 

Rt 




mim./kim. 

mcm./itm. 



1 

Methyl 

2 *chlorocth 3 *l 

IncITcclivc 



12.5 








2 (SY-2) 

Ethyl 

2-chloroclhyl 

7.5 * 1.1 

D77 ± 63 

130 

12.5 

3 

n-Propyl 

2 *chlorocth 3 i 

4.0 d: 0.3 


>480 


4 

Isopropyl 

2.chlorocthyl 

3.3 ± 0.4 

1412 dz 102 

427 

25.0 

5 

n-Dutyl 

2-chlorocthyl 

7.8 ds 1.0 


>250 


e 

sec.-Butyl 

2'Cldoroelh3*l 



>5SS 

12.5 

7 

Isobulyl 

2 -chloroctb 3 i 



>00 


S 

n-Am3i 

2-chloroethyl 

SCWiKSmitl 


>67 


g 

n-IIcxyl 

2 -chlorocth 3 *l 

21.6 ± 3.7} 




10 

Mcthoxycthyl 

2 -chlorocth 3 i 

17.5 ± 1.4} 




11 

Mcthallyl 

2-chlorocthyl 

EQSO 




12 

2-Arayl 

2-chIorocth3i 

n.C d: 1.4 




13 

Isopropyl 

2-chloropropyl 

fBEXSI 

1301 ± 39 

10 


14 

H 

2.cUloroeth3i 

Ineffective 











15 

Isopropyl 

Methyl 

Ineffective 







at 50 





* The hydrochloride salt was used in all instances. 

t Log doso'probit charts used to estimate dose of drug required to halve the mortality 
in groups of 20 mice receiving cpinephrino hydrochloride intrapcritoneally (14.4 
mgm.Agni.). This doso of cpinephrino proved fatal to 67.0 d: LM per cent of 40 groups of 
20 saline-treated, control mice (for details ace ref. 7). 

X Oral administration of Buspenaion in 2.0 per cent gum acacia; when dissolved in pro- 
pylene glycol these compounds were ineffective at a dose of G.O mgm./kgm. 

these compounds failed to alter pressor responses to epinephrine and depressor 
responses to histamine and acetylcholine at anj' time over a period of two hours. 
Thus, in the dog these compounds did not e.xhibit the activity demonstrated with 
the more soluble cth 3 i and isopropyl homologucs, and under the experimental 
conditions there ivas poor correlation between epinephrine antagonism in mice 
and dogs. Low acute toxicit 3 ' was revealed for the more insoluble compounds 
wlicn administered orally' to mice. 

The ethyl homologue was chosen for further study and comparison with Diben- 
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amine because its activity appeared to be as great as that exhibited by any other 
compound in the series and because it was desirable to compare it with ethyl 
homologues in other series of compounds (7-11). Table 2 contains the means of 
the several averaged paired responses to epinephrine, histamine and acetylcholine 
occurring before treatment, and the differences after treatment which indicate 
the degree of antagonism exerted by SY-2 and Dibenamine. 

TABLE 2 

Effect of N-elhyl-N-{S-chloroeihyl) henzhydrylainine HCl (SY-2) and N -(2-chloroethyV) 
dihcnzylamine HCl (Dibenamine) on pressor responses to epinephrine and depressor 
responses to histamine and acetylcholine in dogs 


COiCP. KO. 

DOSE I. V. 

NO. 

EXPTS. 

CONTROL MEAN 
PRESSOR RESPONSE 

d= s.r>* 

AFTER TREATMENT, MEAN DrFEERENCE ± S.E.f 

10-30 min. 

! ^ 

1 120-150 min.t 

1 ^ 




Epinephrine Hydrochloride 10 Miorogm. 




mm. Bg 

mm. Be 

■1 

mm. Be 


SY-2 

5 

3 

40.0 ± 6.9 

51.1 ± 5.7 

mij 

58.6 ± 14.7 

0.07 

SY-2 

10 

5 

35.8 ± 14.7 

60.6 ± 7.8 


55.4 rb 9.4 

0.01 

Dibenamine 

10 

5 

38.2 db 23.4 

56.0 db 12.5 

0.01 

71.6 rb 10.7 

<0.01 



1 

1 

Histamine Diphosphate SO Microgm. 



1 

1 mm, Bs 

mm Me 


mm. Be 

■1 

SY-2 

5 

3 

50.0 ± 10.0 

9.6 ± 4.2 

0.2 

5.0 ± 6.4 


SY-2 

10 

5 

1 42.0 ± 11.9 

10.8 ± 1.8 

0.01 

12.0 ± 3.2 


Dibenamine 

10 

5 

i 47.4 ± 18.3 

12.8 ± 5.2 

0.1 

20.2 ± 7.6 

t 

IS 




Acetylcholine Bromide 25 Microgm. 




mm, Hg 

1 mm. Hg 


\ mm. Hg 


SY-2 

5 

3 

44.0 ± 14.4 

5.0 ± 12.3 

0.7 

1.7 ± 5.4 

0.8 

SY-2 

10 

5 

44.8 ± 19.0 

11.2 ± 6.3 

0.2 

16.2 ± 12.2 


Dibenamine 

10 

5 

39.2 ± 12.7 

3.0 ± 3.0 

0.4 

9.G ± 4.9 

0.2 


* Control responses and standard deviations are included to indicate the magnitude and 
variation of the control observations. 

t Statistical evaluation was made by the method of paired data comparisons. Mean 
differences greater than the control pressor responses indicate epinephrine reversal, i.e., 
a depressor response. After treatment with each drug, epinephrine usually elicited a pressor 
spike ranging from 5 to 30 nun, Hg which preceded the depressor response. 

} Data related to responses at the 60 to 90 minute interval are not recorded because of 
close similarity to those recorded earlier and later. 


In a dose of 3.0 mgm./kgm., SY-2 diminished but did not block responses to 
epinephrine (unpublished data). In doses of 5.0 and 10.0 mgm./lcgm., SY-2 in- 
duced epinephrine reversal within ten minutes and such effects persisted through- 
out the 150-minute period of experimentation. Similar results were obtained 
with Dibenamine in a dose of 10.0 mgm./kgm. It is apparent that the ethyl 
homologue in this series of benzhydryl amines is definitely less active as an 
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:i(lrencrgio blocking compound llnin the ethyl homologues in other series such 
ns X-(2*hnlonlkyl)-l-nnphthalenemcthylnmincs{7, 8, 10),2-(2-biphenylylox3')-2'- 
chlorodietliylamines (9), and N-alkyl-N-(2-chloroethyl)-9-f]uorcnamincs (11, 12). 

Although SY-2 and several homologucs failed to prevent histamine-induced 
broncliiospasm in guinea pigs (table 1), SY-2 in the dose of 10.0 mgm./kgm. did 
diminish the dcj)ressor rcsiionse to histamine (table 2) in the dog to a small de- 
gree. Diminution in response to histamine was about the same in magnitude after 
Dibenamine, but- api)carefl inconsistently and mean differences did not vary sig- 
nificantly in the experiments made, although data collected at the 120- to loO- 
minute interval arc highly suggestive of an antagoni.sm. Collectively, tlio data 
from guinea pigs and dogs do not reveal evidence of any marked degree of his- 
tamine antagonism such as that demonstratetl with some other hnlogcnatcd 
ethylamines vhich we have stinlied (4-(), 8, 0). Depressor re.sjxmses to acetyl- 
choline were not appreciably altered. Therefore, the evitlcncc now available indi- 
cates that SV-2 and Dibenamine are fairly .specific adrenergic bltjcking drugs. 

D. Adrrncrgir. blocking aclion in cala: In eight cats anesthctizefl with pento- 
barbital sodium, experiments were made to determine the effect of SV-2 on re- 
sponses of the carotid blood pressure and nictitating meml)rane to intravenous 
epinephrine injections, and responses of the nictitating membrane to faradic 
stimulation of the preganglionic cervical sympathetic ncrvc.s. Figure I is a por- 
tion of a typical c.\pcrimcnt. Before intnivenous injection of SY-2 (lO.O mgm./ 
kgm.) during a pcrio<l of two minutes, the mean of sixteen presvsor responses to 
epinephrine (10 microgm.) was 58 mm. Ilg. Mean prc.ssor responses to epi- 
nephrine were rcduce<l to 18 mm. Hg within ton minutes, blocked at 00 minutes 
and reversed to a moan depressor rc.sponse of —15 mm. Hg at 120 minutes, 
'riuis, the dose of SY-2 used in cats did not o.xert its full epinephrine reversal 
effects until 120 minutc.s or later, whereas in tlie dog, epinephrine reversal ap- 
peared to be maximal or nearly so at ten minutes. 

The response of the nictitating mcmhnine of cats to the same injections of 
epinephrine was reduced 75 per cent at 10, 30 and GO minutes, and almost com- 
pletely blocked at 120 minutes. Ue.'jponscs of the nictitating membrane following 
electrical stimulation of the ccr\”icnl sympathctics for five seconds with a mod- 
erate strength of stimulus were reduced by 50 per cent witliin ten minutes after 
injection of SY-2, hut not reduced more than 75 per cent even after 30, 00 and 
120 minutes. In cats, tlic combined cITccts of the anesthetic and of SY-2 lowered 
carotid blood prc.ssurc approximately 25 per cent witliin ten minutes and a major 
portion of the depression poreisted throughout the experimental period. The 
diminished pressor and nictitating membrane responses recorded after treatment 
with SY-2 were not due to deterioration of the animal or tissues hccausoin three 
control experiments the re.sponses being studied were reproduced fully during 120 
minutes even though the blood pressure decreased 25 per cent, presumably as a 
result of the anesthetic. 

The fact that SY-2 diminished and finally blocked the response of the nicti- 
tating membrane to injected epinephrine again suggests that the drug blocks 
at the effector cells. Further evidence of peripheral blockade was adduced b 3 ’’ 
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demonstrating that SY-2 greatly diminished the vasoconstriction and pressor 
responses following direct stimulation of the splanchnic nerves in adrenal-in- 
activated dogs. 

E. Adrenergic blockade in adrenal-inactivated dogs: In three dogs anesthetized 
with pentobarbital sodium release of epinephrine from the adrenal medulla was 
prevented by ligation of the adrenal veins. Procedures carried out in duplicate 
once before and at several time intervals after administration of Sy-2 included 
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Fig. 1. Effect of K'-ethyl-X-(2-chloroethyl) benzhydrj'lamine-HCl (SY-2) on the blood 
pressure and nictitating membrane responses to epinephrine and sympathetic nerve stimu- 
lation in the pentobarbitalized cat. 

Upper record: Control response of carotid blood pressure and nictitating membrane 
following injection of epinephrine and faradization of the cephalic end of a cervical sympa- 
thetic nerve. 

Lower record; Responses obtained 30 to 40 minutes after intravenous injection of 
SY-2 in a dose of 20 mgm./kgm. Note epinephrine reversal and almost complete blocking 
of the nictitating membrane response. 

intravenous injections of epinephrine -HCl (10 or 20 microgm.), nitrogen re- 
breathing over soda lime to produce anoxic anoxia for one minute, and faradiza- 
tion of the peripheral end of a sectioned splanchnic nerve. Comparison of mean 
pressor responses recorded before drug treatment with the mean pressor or de- 
pressor responses obtained afterwards constituted the basis for determining the 
degree of diminution, blocking or reversal of responses. Sy-2 was injected slowly 
intravenousb' (two min.) in a dose of 20 mgm./kgm. in the hopes that this dose 
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^vo\il(I be suflicicnt to provide complete adrenergic blockade. In view of the possi- 
bility that adrciml inactivation by itself would decrease the magnitude of the 
blood pressure responsos, further control data were obtained by repeating the 
identical procedures in three dogs with adrenal veins ligated but not treated with 
SY-2. 

In the three treated dogs, epinephrine reversal occurred consistently when in- 
jections were made from 10 to 120 minutes following injection of SY-2. During 
the .same period nitrogen inhalation induced depressor responses; for example, 
the control mean pre.'^sor response of 10 mm. Hg was changed to a mean depressor 
response of —12 mm. Ilg within one hour. Thus, cpineplirinc and anoxia both 
induced depressor responses after injection of Sy-2. No such reversals occurred 
in the three control experiments in which no dnig treatment was instituted, al- 
though pro.'^sor responses to anoxia and epinephrine were diminished by 30 per 
cent in these adrctial-inactivatcd dogs. Depressor responses to anoxia in these 

TAltU-: 3 


Comparison of adrenergic IdoeKing and antihintamine action of 2-hnIoethylamincs 


Ttre or cnurocKD 

j nutUACOLOClCAL ACriOV* 

IlUumine Antaconism 

A<Irenert;ie Blockins 

1. N-Kthyl-N'(2>chloroctliyl)-bcn2hv<lrvlnmiiie‘ 
IlCl (SV-2)t ^ •• . 

— or ± 

+ 

2. N-Ethyl-N-(2-chlorocthy1)-9*nuorcnftminc*UCI 
(SY-21) .. . . 


+++ + 

3. N-(2*HromoothyI)-X-cthybl*naphlhaJcnc* 
mclhvIuimtiO'Iinr (SV*2S) 

++++ 

++++ 

•1. 2*(2-Biphenylv!oxy)*2'*cliloro-trielhylaminf“ 

IICI (SV-S) 

++ 

-I-+* 


* None of these compouiuis exert apprccinblc nnti-acclylchoHae action, 
t Properties niul potency nearly identical with tliosc of Dibenamino. 


experiments with adrcnal-inaclivatctl dogs trcatc<l with SY-2 could scarcely be 
due to liberation of epinephrine. Depressor effects were undoubtedly due to direct 
effects of anoxia, cardio-vascular reflexes, and mcclinnical factors, that is, influ- 
ences which usually tend to reduce blootl pressure during anoxia but which 
arc opposed by effects of adrenergic nervous activity including release of epi- 
nephrine. 

Electrical stimulation of the peripheral end of sectioned splanchnic nerves in- 
duced a me^n pressor response of 20 mm. Hg before dmg treatment but only 
7-10 mm. Hg from 10 to 120 minutes after treatment. That is, pressor responses 
resulting from direct stimulation of postganglionic adrenergic ner\'e fibers \Yere 
not completely blocked. Tlic diminution in response was not due to decreased 
sensitivity referable to adrenal inactivation because in the three untreated con- 
trol dogs with adrenals inactivated nerve stimulation elicited undiminished mean 
pressor responses throughout the duration of the experiments (two to three hours). 
Nearly full blockade of pressor responses to splanchnic stimulation reveals that 
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SY-2 exerts a blockade which is probably at the effector cells and not at auto- 
nomic ganglia. Other evidence supporting this view is the reversal of pressor ef- 
fects of injected epinephrine in cats and dogs as well as diminution and blockade 
of responses of the nictitating membrane in cats. 

Discussion. These studies indicate that of the alkyl homologues in a series of 
N-alkyl-N-(2-chloroethyl) benzhydrylamines the ethyl and isopropyl homologues 
were the most active adrenergic blocking agents. The ethyl homologue (SY-2) is 
not a potent adrenergic blocking drug, being no more potent than Dibenamine. 
Neither SY-2 nor Dibenamine exert appreciable anti-acetylcholine or anti- 
histamine activity, and from the information now available it appears that they 
are comparatively specific adrenergic blocking drugs. 

A comparison of the properties of SY-2 with ethyl homologues in other series 
of 2-haloalkylethylamines which we have studied (4-11) will serve to emphasize 
differences in potency and specificity. Table 3 serves to characterize the ethyl 
homologues in the several chemical series. Although fairly specific, SY-2 has 
low potency when compared with N-ethyl-N-(2-chloroethyl)-9-fluorenamine (SY- 
21), the latter being a specific adrenergic blocking dmg, and potent since doses of 

1.0 mgm./kgm. and less will produce adrenergic blockade (11, 12). This fluorene 
compound differs from N-(2-bromoethyl)-l-naphthalenemethylamine (SY-28) 
which is a potent adrenergic blocicing drug, but which is non-specific because it is 
a highly potent antagonist of histamine (4-6, 8). Thus, it is difficult to accurately 
classify SY-28 since it is a strong antagonist of both histamine and epinephrine. 
It is truly remarkable to note that SY-28 antagonizes these two substances which 
are themselves physiologically antagonistic with each other in a number of sit- 
uations. Our studies also revealed that 2-(2-biphenylyloxy)-2'-chlorotriethyl- 
amine (SY-8) was qualitatively similar to SY-28 but somewhat less potent with 
respect to antagonism of both histamine and epinephrine (9). 

SUMMARY 

In a series of N-alkyl-N-(2-chloroethyl)benzhydr}damines the ethyl and iso- 
propyl homologues exerted a moderate degree of adrenergic blocking action. 
Higher alkyl homologues exhibited less activity. The ethyl homologue (SY-2) 
was found to be similar to Dibenamine adth respect to potency, duration of action 
and specificity. Compounds in the series were found to be practically devoid of 
antihistamine and anti-acetylcholine properties. 

SY-2 exhibited low oral acute toxicity in mice, compai’atively small doses re- 
duced the toxicit}’’ of epinephrine in mice and moderate doses failed to diminish 
histamine-induced bronchiospasm in guinea pigs. In intravenous doses of 5.0 to 

20.0 mgm./kgm., SY-2 induced epinephrine reversal, prevented pressor responses 
to anoxic anoxia and definitely reduced pressor responses to splanchnic stimula- 
tion in dogs. In cats, doses of 20.0 mgm./kgm., intravenously, induced epi- 
nephrine reversal and diminished or blocked responses of the nictitating membrane 
to injections of epinephrine and stimulation of the cervical sympathetic nerves. 
Properties of SY-2 have -been compared or contr^isted with those demonstrated 
for ethyl homologues in several other series of 2-haloalkylethylamines. 



ADUKNKnGIC BLOCKING DUUGS 


•149 


UEFEinCXCKS 

1 . JiOnw, 10. II., Micktjcm, A., A.s*n AciiRSnAcn, P.: Fed. Proc., 6: 351, 1917. 

2. Nk'Kkksox, M., a.vi> Goodman, L. S.tTiiis Joiuinal, 89; 107, 1917. 

3. liOiAv, 10. H., Kaisku, M. 10., and Moohk, V.; Titi.s Jouhnal, 83: 120, 1916. 

•1. Ai iiKNnACH, 1*., AND Lokw, 10. H.: Fed. l*roc., 6; 301, 1917. 

.5. I.OKW, 10. U.: I’hy.siol. Hev.. 27; f>12, 1917. 

0. Loew, 10. H.: Atju. X. Y, -\cjid. Sci., (in pre.<«), 1918. 

7. I.OK\v, 10. U., AND MirDTicn, A.: Tm.s Journal, 03:431, 1918. 

S. liOKw, 10. U., AND MicKTirn, A,: Tins Journai/, 91: 330, 1018. 

0. liOEM’, 10, II., AND Micetk’ii, A. : Tiiis Journai., 95:418, 1910. 

10. Stmne, C. a., and IjOf.w, 10. U.; Tins Journal, 94: 350, 194S. 

11. liOnw', 10. 11.: Unpublished d.ntii. 

12. Kerm in, J., Ui.lyot, G. 10., Fklia>W8, E. J., and Macro, E.: Fed. Proc., 8; 30S, 1919. 



COMPARISON OF VASOMOTOR ACTIVITY OF l-(m-HYDROXY- 
PHENYL)-N2-METHYLETHYLENE DIAMINE DIHYDROCHLORIDE 
(NU-1G83) WITH THAT OF EPINEPHRINE AND EPHEDRINE USING 
THE RAT MESO-APPENDIX TEST 

DONALD C. KUNZE, J. RICHARD R. BOBB and HAROLD D. GREEN 

Department of Physiology and Pharmacology, Bowman Gray School of Medicine of Wake 
Forest College, Winston-Salem, North Carolina 

Received for publication August 31, 1949 

Duschinsky, Dolan, Randall and Lehmann have recently developed a sub- 
stance, Nu-1683®, l-(m-hydroxyphenyl)-N’-methylethylene diamine dihydro- 
chloride, which appears to have sympathomimetic properties (2, 3). Its struc- 
tural formula is: 

CH3 

I 

— N— H 
-N— H 


Nu-1083 

This paper is a comparison of the vasomotor properties of this substance with 
those of epinephrine and ephedrine by means of the rat meso-appendix technique 
described by Chambers and Zweifach (4, 5). 

Methods. Rat meso-appendix technique. The meso-appendix of a rat, anesthetized with 
ethyl urethane (150 mgm./lOO gm.) and weighing 90-150 gm., was exposed by a midiine 
abdominal incision. The rat was placed on its right side on the rat board and the exterior- 
ized meso-appendix was draped over a glass horseshoe and constantly bathed with a drip 
of 1 per cent gelatin in Ringer’s solution, the temperature of which was adjusted to maintain 
the meso-appendix at 37-38°C. A precapillary or terminal arteriole with steady blood flow 
was observed and selected as the test vessel. The drugs were tested by intravenous injection 
and by topical application. 

a. Intravenous injection. The effects of intravenous injections of ephedrine and Nu-I683 
were compared as follows. Epinephrine was applied topically b 3 ’^ dropping directly on the 
exteriorized mesenterj' three or four drops of a 1:2 million to 1:6 million dilution. It was 
determined at which dilution within this range a minimal constrictor response was obtained 
in the test vessel. The response bj"^ the vessel to the topical application of epinephrine was 
evaluated in terms of 1-4- to 44-. Slight transient slowing of the flow through the vessel for 
15-25 seconds following the application of epinephrine was designated as a 24- response. 
The dilution which caused the 24- response was checked two or three times, at three minute 

^ This work was supported bj' a grant from The Roche Anniversary Foundation, 475 
Bloomfield Avenue, Montclair, N. J. 

^ A preliminarj' report of this work was presented at the 1948 meeting of the Socict 3 ’’ 
for Pharmacology and Experimental Therapeutics (1) . 

” This drug was supplied b 3 ' Dr. Elmer L. Sevringhaus of Hoffman-LaRoche, Inc., 
Nutle 3 ', N. J. 
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intervals, to insure an accurate calibration. Kphctlriiie or N'u-1GS3 dissolved in 0.5 cc. or 
le.ss of saline, was thetj injected Inlrnvenoasly nml topical application of epinephrine was 
continued at three minute intervals. Tina tostlnf; uas continued until the reactivity of the 
vessel had returned to the calibration level, after which time the rat vjis discarded, since 
only one to.st wjts j^erformed on a rat. 

After the intravenous injection of either ephedrine or Nu-IGS.1, it wjls found that a lower 
concentration of tlie topically applied cpinejdiriiie wils rctiuircd to produce the same 2+ 
vasoeonstrictor respoiLse, i e., the intravenously injcotetl {Imp had an epinei>hrino auR- 
mentor effect. The inaKnitudo of the augmentor effect was evprc.s.sed as the ratio of the con- 
trol dilution of epinephrine which pnxluccd the desired ealibrallon response (2+) to the 
experimental dilution of cplnejihrine necessary to produce the same 2-f respon.se by the 
vessel after the Intravenous injentiotj of the experimental druR. That Is. If after the intra* 
venous injection of ephedrine, a 1 :0, 000,000 concentration of topically applied epinephrine 
produced the same auRtnontor effect as the previous l:-t,000.0(X) concentration, .a 1.5 fold 
clTect (1/4,000,000 1/G,(X)0,000 ** 1.5) was rccorde<I for the cphetlrinc injection, 

b. Topical application. In another series of expcriinrjit.s the response.s of the blood 
vessels of the mcso-appciulix to rlirect topical application of N’u-IGSI were observed and 
comparp<l with those to the toineal appUc.atiun of epinephrine un«l eiihcdrino. UsinR the 
set-up described .above, applic.ation of three drops of one of these driiRs was made throuph 
an iS-RauRo ner<l!e with the drip turnetl off. Tlit'diip w.as resumed after a SO-second interval 
to prevent ilryiiiR and cooliiiR of the tissue. Observations were ma«Ic co!itlnuou.slv until 
flow thmuch the vessel returned to emrmnl. With this technique repeated tc.sts were made 
<»f dilTcront concentrations of the three suKsiaiices on the same animal. However, at least 
five minutes were nllowo<l after full recovery from one test, before a secornl application was 
made The responses were Rradc{l 1 4* to 4+. One pk^ was used to imiicate a just doloctnblo 
nnrrnwinR of the muscular ve.sscls (arterioles, prccaplllary .sphincters and venules); 24* 
«iRnified definite narrowinp of (ho v<*sse'.s with alowiuR of flow ilirouRh them; 34- meant 
marked narrowinRof (he vessels with Intermittent flow, p.artlcularly in the venous channels 
and 44- intlicnted maxintum conatrlction, with comidetc sliuldown of flow. 

It Is felt by Zweifach (7) tlnit consistent results c.an Im> obtained with the rat mcoo- 
appotnll.x mctiioil only when care is taken to a.ss irc constant experimental conditions. 
These include keepiiiR the rat.s. before and duriiiR the te.st, at an environmental temper- 
ature of 75 to 79®r., makiriR up frc.sli solutions ilaily and tlic IurIi dilution of epinephrine 
every few minutes and the avoidance <»f pyroRenic material in solutions and njiparutus. 
During very warm weather we have occiLsionally been unalile to oljlain consistent results 
with the above teolinifiue. This wius probably <Iuc principally to the lack of suitable aii* 
oondifioninR equipment since consistently satisfnctoiy- responses h.avc occurred during tho 
remninrler of the year. 

lli:suLT.s. 1. Intravenous iujcclion. a. Ephedrine. Tho responses in nil experi- 
ments arc summarized in table I. Injection of 0.01 mgm./lOO gm. of ephedrine 
caused u ina.ximum augmentor cfTcct of 1.5 to 2 and augmentation persisted, on 
the average, for 29 minutc.s. Epliedrinc, O.I mgm./lOO gm. caused on tho average 
a 4.0 fold augmentor cfTecl and tlie return to the control level occurred in ap- 
proximately 42 minutc.s. The rise to the peak cfTcct was rapid and maintained for 
a longer time tlian with the smaller quantity of cplicdrino. One-half mgm./lOO 
gm- caused complete shutdomi of all vessels, which persisted longer than 00 
minutes. 

h. Nu-1G83. All experiments arc summarized in table 1. Injection of 0.01 mgm./ 
100 gm. of Nu-10S3 gave on the average a 2.35 fold augmentor, cfTect, with return 
to normal in approximatcl 3 ' 30 minutes. Injection of 0.1 mgm./lOO gm. of Nu- 
1083 gave an augmentation of 2 to 4 fold with return to normal in 25 to more 
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than 60 minutes. After this dose the entire visible bed became sliiggish and flow’ 
was slower. Following the topical application' of epinephrine flow became still 
slower and the vessels appeared congested in the, venous end before they did in. 
the arteriolar end of the \'isible bed, and occasionally the flow of blood in the 
venules completely stopped for short intenmls. 

'iVhen 0.5 mgm./lOO gm. and 1.0 mgm./lOO gm. of Nu-1683 were administered 
the rise to the peak effect was rapid and steady. The vessel shut dovm with the 
last application of epinephrine (indicated bj'- the sign co ), and remained shut down 
for the remainder of the 60-miniite period, after which time the rat was removed 
from the rat board. These animals did not show the waking effect which was 
occasionally noted in animals given similar amounts of ephedrine. 

2. Topical application to the meso-appendix. The responses to the topical appli- 
cation of epinephrine, ephedrine and Nu-1683 to the rat meso-appendi.v are sum- 

TABLE 1 


Svminary of Effects of Intravenous Injections 


NO. or RATS 

' dose/100 051. 
BODY TOIGHT 

j EPI>*EFnRIM: AUCUENTOR EFTECT 

j PTJRATION OF EmCT msVTZS 

Range 

1 Average 

1 Range 

1 Average 

Ephedrine 

j 

tntm. 





10 ! 

0.01 

1.5-2 

1.8 

22 - 51 

20.4 

10 1 

0.1 

2-6 

4.6 

31 - >60 

42 

1 j 

0.5 

CC 

1 

OC 

>60 

>60 



Nu- 

1683 



10 

0.01 

' 1.5-4 

' 2.35 

' 25 - 40 

! 30.7 

10 

0.1 

2-4 

3 

25 - >60 

37 

2 

0.5 

OC 

CC 

>60 

>60 

3 

1.0 j 

1 

00 

>60 

>60 


marized in table 2. The 1:6,000,000 and 1:4,000,000 dilutions of epinephrine 
caused l-f to 3-1- responses within approximately 17 seconds, the effects being 
detectable for around 25 seconds. The responses to higher concentrations showed 
similar constancy and demonstrate that the higher the concentration of epi- 
nephrine, the greater and longer-lasting is the response. Ephedrine and Nu-1683 
applied topically had similar effects but required much higher concentration and 
the maximum effect appeared more slowty than with epinephrine. 

Discussion. The results of the intravenous injections demonstrate that these 
drugs have a vaso-exciter or epinephrine augmentor effect in that they enhance 
the reactivity of the small vessels to topical application of epinephrine. In this 
regard ephedrine and Nu-1683 are about equally effective. However, it is not 
clear, from the intravenous injections alone, whether the drugs act directly upon 
the blood vessels, or indirectly through effects upon the animals’ blood pres.sure. 
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Tlie results of direct topical application, liowcvcr, confirm that Nu-l(i83 and 
ophedrine do directly affect the small blood vessels, llased upon this method 
of testing the order of dosage necessary to produce comparable effects is: epi- 
nephrine 1:1,000,000, Nii-1(>83 1:750 and ephedrine 1:500. All three act upon 
Uic arterioles, eapillarics and venules. 

During the course of these studies the effects of intra-arterial injections of these 
drugs upon the blood flow through the isolated blood perfused extremity were 
studied by Wayne cl al. (G). The latter studies indicate also that these substances 
have a direct vasoconstrictor cfTect and that the order of potency is the same as 
tliat noted above. 


TAOI.1-: 

Snmmnry of rffrets — topical applications 


i 

KTunri ' 
Of Arrtjc^- < 
TtOSS j 

1 

mvcr.snATi')'* 1 

r.frrct os AitcRtotts 

1 

TtUE TO Bf ACn 

u\TiUL'ii rrrecT 
strosDA 

Tiur lo 

BrrURS TO CONTROL 
STATr - Uls-VTES 

1 

Ranee ' 

Av. 1 

1 Ranpe 

1 Av. 

1 Ranee 

j Av. 

Epinephrine 

“ i 

1 : too, 000 1 

! -1+ 

i 4+ 

( 15-CO 

! 35 i 

0-50 

1 

50 


1:!,000,(K)0 ; 

4 + 

! 44- 

I 25 

1 25 i 

1 2 

1 1 2 


1:2,000,000 : 

! 44* 

i 

20 

1 20 ; 

0.75 

i 0.75 

7 1 

i:4.ooo.O(Xi 

2+-3+ 

! 2.34- 

1 12-20 

' 17.5 : 

0.25-0.55 

< 0.4 

" 1 

1:0,000,000 

1 1+-3+ 

1 2.1 + 

j 10-20 

1 10.5 , 

0.3 -0 07 

1 0.45 

Eplicdrino 

3 i 

1:230 

4+ 

44- ' 

45-CO ; 

52 

, 35-10 

3S 

5 1 

1:500 , 

44- 

44- 

50-00 

51 

1.25-1.7 

1.4 

NU-I6S3 

5 1 

1 1:500 1 

44- 

1 44- 

co-so 

: 09 

30- >55 

>37 

0 1 

1:750 1 

44- 1 

44- 

55-75 

01 

1.25-3 

I.S 

4 ! 

1:1,000 1 

34-44- 1 

3.54- 

30-55 

45 

0.05-1.3 

1.16 


SUMMAltY 

The cfTects of intravenous injections and of topical applications of epinephrine, 
ephedrine and Xu-1G83, a new sympathomimetic diamine, have been compared 
by noting their cfTects upon the vessels of the rat meso-appondix obser\’ed micro- 
scopically. 

Intravenous injections of c])hcdrinc and Nu-1G83 augment appro.ximately 
equally the vasoconstrictor effects of topically applied epinephrine. 

Topical applications of all three substances cause local vasoconstriction in- 
volving arterioles, venules and capillaries which increases in intensity and dura- 
tion with dose. Epinephrine, 1 : 1,000,000, Nu-1GS3, 1:750, and ephedrine, 1:500 
produce comparable cfTects. 
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SOMF. EFFECTS OF l)inENZYE-/3-CnL01?I'yiTIYI.AMlXE (DIBEN- 
AMINE) OX THE MAAIMAIAAX HEART 

GEORGE II. ACHE.SOX,' ALFRED FARAIP A.\n GORDON N. FRENCH 
Department oj l*harmacology, Dan-nrd Medical School, Doslon, Mass. 

Hofcivcd for pithlicatioii Soptembrr G, 1910 

It has hocn rcportotl tlmt (lil)onzyl-^*chl(irothylamiiic (Diliennminc)® doi's not. 
intprfero with the canlio-accclcrator rfreot of opincphrinc, hut docs prevent tlic 
ventricular irregularities produced hy epinephrine in the presence of cyclopro- 
pane nr other hydrocarbons (1). Little attention has been paid, however, to the 
cfToct of this adrenergic-blocking agent on the otlicr actions of epinephrine on 
the heart. The present study was intended to broaden this part of our knowledge 
of the actions of dibenzyl-/!f-chlorethylamine by testing the effect of this com- 
pound on several preparations of cardiac tissue. The results fall into two cate- 
gories, namely, (a) the absence of infltiencc of dibenzyl-^-chlorethylamino on a 
numlier of elTcct.s of epinephrine on the heart, and (b) the cffcct.s of dibcnzyl- 
^•chlorcthylaminc itself on the heart. In relation to tlie latter results, the ad- 
renergic-blocking agent was compared with its close chemical relative, dibcnzyl- 
ethanolamine, and with quinidine. A preliminary tiote ha.s already been published 
(2). The compounds used were dis.«‘o1ved in saline acidified by the addition of 
hydrochloric acid. Dibcnzyb/S-chlorethylaminc hydrochloride W'a.s always 
frc.shly prepared. 

1. Dog heart-lung preparation, k'lglit heart -I uuk ]>re|>.'iratinns were perfoimcd aceordinp; 
to the inetho<l of Patterson uad SlarlinK (3), using <logs weighing between S and 16 kgm., 
anesthctizetl by the intrapcritoncal iiijcctiun of sodium pentobarbital.* Hight and left 
auricular prc&sure.s, systemic output, pulmonary aiterial pressure, and coronary flow were 
incjisurcd b)’ mcthorls de.scriJu'd b 3 ’ Kniycr and Mendez (4). 

Ill three out of four experiments in which dibcnzyl-^-chlorcthylamino hydro- 
chloride was administered in do.ses ttp to -15 mgm. (making potential concentra- 
tions in tlie heart, hmgs, and blood up to 1:20,000), the performance of the 
heart remained normal during periods of oh.scrvution up to 144 min. In the 
fourtli experiment, 11 mgm. prodticetl evidence of slight failure (rise of right 
auricular pressure) witliin one min. after the compound had been added to the 
blood in the venous rc.‘'ervoir. When 50 or more mgm. wore administered, failure 
occurred uniformly in four cxperimcnls, as indicated by rise of right and left 
auricular pressures, fall of systemic output, and cardiac dilatation (fig. 1). The 

^ Present .address, Department of Pharmacology, University of Cincinnati, College of 
Me<licine, Kden Avc., Cincinnati 19, Ohio. 

’ Present address, Department of Pharmacology, University of Washington, School of 
Medicine, Seattle 5, Washington. 

* Kindly supplied by Dr. W. Gump, of Givaudan-Dclawanna, Inc.; now available from 
Smith, Kline, and French, Philadelphia, Pa. 

* Nembutal Sodium, kindly supplied by Abbott Laboratories, North Cliicago, 111. 
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failure began shortly after the administration of the compound and became more 
severe during the following five to eight min. ; during periods of observation up 
to 45 min., failure did not spontaneous^ disappear. When the failure was mild, 
the earliest change noted was a rise of pulmonary arterial pressure. "iVhen the 
total dose exceeded 150 mgm. (making a potential concentration of about 
1:6000), the failure was severe. 

Less than 138 mgm. of dibenzyl-/3-chIorethylamine did not affect the rate of 
beating of the sinus node when observed over periods up to 110 min. In three 
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Fig. 1. Effects of Epinephrine and Dibenzye-^-Cheorethyla.minb in the Heart- 

Lung Preparation 

Male dog, 10.3 kgm. Anesthesia, sodium pentobarbital, 35 mgm. per kgm. Arterial resis- 
tance, 80 mm. Hg. Weight of ventricles, 91 gm. 

Tracings from top to bottom: Systemic output, each signal indicating 100 cc.; time in 
10 sec. intervals; arterial presure (scale on left in mm. of Hg) ; pulmonary arterial pressure 
(scale on right in cm. of water); right auricular pressure (scale on left in mm. of water); 
and left auricular pressure (scale on right in mm. of water). 

Horizontal rows of figures from top to bottom: Systemic output in cc. per min.; heart 
rate per min.; blood temperature in degrees C. 

Previous administration of 20 mgm. of sodium pentobarbital had induced mild failure. 
At signals 1 and 3, 2 microgm. of epinephrine were injected. Between the two segments of 
record, and 27 min. before the second segment, 50 mgm. of dibenzyl-^-chlorethylamine 
hydrochloride were added. At signal 2, this dose was repeated. 

experiments, 138 to 250 mgm. produced within five to ten min. a 10 to 15 per 
cent slotting of sinus rate. In doses not producing failure the compound did not 
affect coronaiy sinus outflow. 

The cardio-accelerator and positive inotropic effects of 1 to 10 microgm. doses 
of epinephrine were not decreased in intensity or duration by the previous ad- 
ministration of dibenzyl-/3-chlorethylamine even when the latter produced failure 
and slotting of sinus rate. The coronary vasodilatation produced by epinephrine 
was evident after the blocking compound had been given (three experiments). 
The brief rise of pulmonary arterial pressure which follows the administration 
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of 3 to 10 microgra. of epinephrine was changed to n fall of similar duration and 
extent (three experiments). 

II. Tiolaied ra66ii auricle. The rabbit was killed by a blow on the neck; its chest was 
rapidly opened, and the auricle was removed and washed in Tyrodc’s solution. Tho auricle 
was then suspended in 50 cc. of Tj’rodc*s solution at 2S’C, continuously oxygenated by a 
copious stream of lino bubbles of air from a sintered glass filter. In tho bath, the auricle lay 
in contact witli four chloridcd silver electrodes, two of which woro used for the delivery of 
electrical stimuli (1 milliscc. squaro waves of twice threshold voltage from a Grass stimula- 
tor, model 3). Tho other two electrodes were used to lead the electrograms of tho auricle to 
a Grass inkwriting oscillograph. Mcchanogmms ^vcrc also recorded via a light lever on a 
smoked drum. At intervals during the experiment, the maximal rate of stimulation which 
tho auricle would follow for ton seconds was determined by a procedure resembling that 
described by Dawes (o). Tho electrogram of tlic auricle proved to be a more reliable indi- 
cator of auricular response tlinn themechanogram. Solutions of tho substances to be studied 
were added to the bath in volumes not exceeding 0.6 cc, 

Wien dibcnzyl-^-chlorcUiybinine hydrochloride solution was added to make 
a final conccntraliou of 1:100,000 in the TjTodc’s solution, the latter became 
cloudy, but gradually the solution again became clear. It can therefore be as- 
sumc<l that the concentration of the dissolved dibcnzyl-i5-chlorethylnmine was 
less than the stated level, and that either binding or chemical change of this 
compound proceeded at a significant rate. The earliest change noted after adding 
the dibcnzj’l-i3-chlorcthylamine was a decrease in tlic maximal rate, when this 
was tested about fifteen min, later (fig. 2). The m.aximal rate fell without appar- 
ent latency aud steadily over the period of one or two hours during which ob- 
servations were made, from about 6 per see. to 3 or 4 per see. After a latency 
of IS to 50 min., the rate at which the auricle beat when not stimulated began 
to fall; it then slowly and steadily decreased. Repeated washing did not alter 
cither of these effects of dibcnzjd-;3-chlorcthylaminc. 

Wlien epinephrine wtis added to the bath to make a final concentration of 
1 to 1 million, one to three hours after the dibcnz>’l-/5-clilorethylamine had been 
added, it producetl the same degree of effects on the auricle as it had before the 
addition of the antagonist, i.e., (a.) accelerated rate of the unstimulatcd auricle, 
(b.) increased amplitude of the mcchanogram, and (c.) increased ma-ximal rate. 

III. Auricular Jlutler in the dog. In sixteen dogs, of 8 to 20 kgm. body weight, anesthe- 
tized by intrapcritonc.al injection of 0.7 cc. per kgm. of Dial-urethane solution*, auricular 
flutter was studied by the method of Roscnblucth and Garcia Ramos (0). Tho heart was 
decentralized by vagotomy and removal of tho stellatos and the upper four pairs of thoracic 
ganglia. The animal was rotated on a longitudinal axis so that the heart fell to the left, 
making easier access to tho right auricle. Small steel clips were applied to the auricle to 
stimulate and to record the auricular electrogram. The latter and tho electrocardiogram were 
recorded simultaneously on two channels of a Grass inkwriting oscillograph. Tho auricle 
was stimulated at rates near tho maximal rate which it will follow (10 to 15 per sec.), in the 
attempt to initiate auricular flutter. In one animal, stable flutter was established in this 
way. In tho other animals, tho auricle was crushed wilh hemostats so as to make a killed 


* IGndly supplied by Ciba Pharmaceutical Products, Inc., Summit, N. J. 
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area stretching from the region of the inferior vena cava to that of the auricular appendage 
ns a possible site for a circus movement. The auricle was again stimulated, except in one 
animal in which crushing itself initiated stable flutter; in all but two animals in which this 
was done, and in all animals here reported, stable flutter was established, sometimes only 
after additional crushing. 

Mean carotid arterial pressure e.xceeded 80 mm. of mercury during the con- 
trol periods at the beginning of the experiments, but after the administration- 
of dibenzyl-/3-chiorethylamine, dibenzylethanolamine, or quinidine, arterial pres- 
sure usually fell to the range of 50 to 70 mm. In the control periods (13 to 70 
min.) the auricles fluttered at average rates which varied in different animals 



Fio. 2. Effects of Dibenzyl-B-ChlorethtIjAmine on the Isolated Aubicee of the 

Rabbit 

Upper curve: sinus rate. Lower curve: maximal rate (see text): plus marks indicate that 
the auricle followed the corresponding number of stimuli per sec.: minus marks indicate 
that it did not. 

from 337 to 564 per min. Rates were determined by counting beats and estimating 
tenths of beats in 0.1 min. segments of the electrograms; average rates are 
based on counts at intervals averaging 2.2 min. (range 0.1 to 13 min.). In no 
animal did the rate of flutter vary in the control period by more than a standard 
deviation of 3.3 per cent. There was no obvious correlation among the variables, 
body weight, average rate of auricular flutter, standard deviation of this aver- 
age, and duration of the control period. The ventricular rate was usually 1/2 of 
the auricular; this occurred at auricular rates of 324 to 515 per min. In two of 
eleven experiments, the ratio of ventricular to auricular beats was less than 1:2 
for part of the time, at amicular rates of 502-522 and 359-393; and in seven 
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other experiments it wns more than 1:2 for part or all of the time, at auricular 
rates up to 440 per min. 

Dibcnzyh^'chlorcthylamine; dibcnzylcthnnolaminc, and quinidine given in- 
Iravcnoiisly in appropriate doses had similar effects on this preparation (fig. 3). 
As noted above, they usually lowered the arterial pressure. They caused a 
prompt decrease in the rate of beating of the fluttering auricle, witli return to 
the original rate within 20 to CO min. In association with this there was often 
a relative or absolute increase in the ventricular rate; but since at slower auric- 
ular rates the ventricle usually beats more rapidly in auricular flutter, no con- 
clusions can be drarni about the effect of these agents on auriculo-ventricular 
conduction. During the fall of auricular rate shortly after the injection of the 
drug, the auricular flutter Bometimes ceased and sinus rhythm prevailed; this 



Fio. 3. Effect or Quinidine and DiDENrrL-/j.CiiLORBTiiTLAAiiNB on tub Hate of the 
FL xnTEiuNO Auricle in tjib Doo 


Abscissae: time in min. Ordinates: auricular bcat3 per min. S indicates stimulation of tho 
auricle, setting up tlic flutter. U indicates disappearance of tho flutter and reversion to sinus 
rhythm. 

occurred at auricular rates of 482 to 230. Usually flutter could bo re-established 
by stimulation within a few minutes, when recovery from the effects of the drug 
was in progress. 

In doses of 3 to 20 mgra. per kgm. dibcnzj*l-iS-chlorethylamine hydrochloride 
diminished the rate of auricular flutter by 2 to 17 per cent, the effect increasing 
with dose in this range. In five experiments, quinidine sulfate had effects of 
similar extent and duration in doses twenty times smaller (fig. 3). In four experi- 
ments dibenzylcthanolamine hydrochloride in doses of 10 to 20 mgm. per kgm. 
produced 26 to 45 per cent reductions in rate of flutter; these effects were of the 
same duration as the smaller effects produced by 10 to 20 mgm. per kgm. of 
dibenzyI-/3-chlorethylamine hydrochloride. 

Epinephrine in doses of 5 to 100 microgm. accelerated the auricular flutter 
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for two to five min. (four experiments), as illustrated in fig. 4. The auricular 
rate increased as much as 10 per cent in some instances. The ventricular rate, 
previously 1/2 that of the auricles, accelerated far out of proportion to the in- 
crease of auricular rate (up to 50 per cent more than the previous ventricular 
rate), and sometimes for a longer period than that of the auricular acceleration. 
Since the ventricular complexes of the electrocardiogram remained supraventric- 
ular during this phenomenon, it is clear that the ventricular acceleration cannot 
be attributed to ventricular ectopic foci but must be attributed to an improve- 



Fig. 4. Effect of Epinephrine on Ahhicolar and Ventricuhah Rates in Ahrichdab 
F irUTTER IN the Dog; Absence of Action of Dibbnzye-;3- 
Chlorethyea&une on These Effects 

Upper curve : auricular rate. Lower curves: dots, actual ventricular rate; circles, half the 
auricular rate. The increase of ventricular rate over one-half the auricular rate represents 
improvement in a-v conduction. In this and the preceding figure, rates are represented on 
logarithmic scales. After A and 11 min. before B, 20 mgm. per kgm. of dibenzyl-;S-ohforethyl- 
amine were administered. 

ment of a-v conduction produced by epinephrine. The previous administration 
of dibenzyl-jS-chlorethjdamine or dibenzylethanolamine in doses of 10 to 20 mgm. 
per kgm. did not decrease the response of auricular or ventricular rates to sub- 
sequent doses of epinephrine given as long as 30 to 60 min. later. In the case of 
dibenzyl-/3-chlorethylamine, the blood pressure response to epinephrine was re- 
versed. The ventricular acceleration in response to epinephrine was sometimes 
larger after these amines (fig. 4 B), but this can be attributed to the slower 
rates of auricular flutter produced by the latter. 

IV. Cyclopropane-epinephrine ventricular irregularities. Epinephrine was ad- 
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ministered to dogs under cyclopropane anesthesia in the customary manner 
(7). This procedure was carried out at various inter\"als after the intravenous 
administration of 15 or 20 mgm. per kgm. of dibonzyl-/J-ch1orcthylaminc hydro- 
chloride in a series of sl\ animals. In each animal the protection afforded against 
ventricular irregularities (detected clcctrocardiographically) eventually disap- 
peared. In all instances, the protection was still great at the end of 24 hrs.; in 
two instances, it was endent after 48 hrs.; and in one of these two, it was still 
apparent after C7 hrs. 

In six experiments in which the injection of epinephrine was performed under 
cyclopropane anesthesia as above, dilienzylcthanolamine was injected in doses 
of 12 to 20 mgm. per kgm. twelve see. to one hr, before the cpiuephrino injec- 
tion. It exerted no apparent protection against tlic ventricular irregularities. 

Discussion. A. Effects of dibcnzylff-chloretiii/lamtiic on the heart. In the prep- 
arations used dibcnzyl-/?-chlorcth 3 'lamme depresses several aspects of cardiac 
function at concentrations ranging from 1:7000 to 1:330,000 (sections I, 11, 
III). Hunt (S) found that 1:50,000 did not influence the contraction of the iso- 
lated papillao' muscle. Considering the differences among these preparations, 
these concentrations arc probably of little comparative significance. It is to be 
noted, however, that the dose which diminishes the rate of auricular flutter in 
the dog is rclativclj' small when compared to doses having a strildng action upon 
the pressor response to epinephrine (9). In the s.imc preparation, doses of di- 
bcnzyI-/3-chlorcth3dammc six times greater (20 mgm. per kgm.) did not have a 
detectable effect on auriculo-vcntricular conduction. The doses producing heart 
failure (50 mgm. per kgm. or more) and decreasing sinus rate (138 mgm. per 
kgm. or more) in the heart-lung preparation, on the other hand, must bo con- 
sidered high. 

The auricular and ventricular inotropic effects, the sinus rate unaffected bj'’ 
nen'ous influences, and a-v conduction were studied directly in the preparations 
used. The basic factors determining maximal rate os studied in the rabbit auricle 
arc the rates of recovery of cxcUabiUty and conduction. 

Auricular flutter produced bj’ the method of Roscnblueth and Garcia Ramos 
has been demonstrated to be a circus movement (10). Since in the ex'periments 
reported here the size of the lacunae around which the circus may be rotating is 
not progressively changed, a progressive change of rate of flutter represents a 
proportionate change of auricular conduction vclocitj'. The latter may, however, 
be conditioned by a lengthening or shortening of the recovery process, for at 
frequencies of 300 or more per min., each auricular wave is impinging upon the 
relatively refractory period of the preceding wave. Reversion from circus move- 
ment to sinus xhji-hm indicates that the wave met with refractoiy tissue and 
was therefore extinguished. This refractoriness could bo due cither to the inter- 
position of ectopic beats or to sufficient lengthening of the refractory period of 
the auricular tissue without corresponding slowing of the conduction velocity'. 
Since none of the substances studied which produces reversion from flutter to 
sinus rhythm initiated ectopic beats at the time of reversion, or at other times, 
the former possibility is excluded. No crucial evidence is available from these 



462 


G. H. ACHESON, A. FARAH AND G. N. FRENCH 


experiments, however, that these substances did lengthen refractory period in 
the auricle. It is to be noted that reversion, though always associated with a 
decrease in the rate of flutter, occurred sometimes at relatively high rates and 
slight decreases in the rate of flutter and other times at relatively low rates and 
marked decreases. Hence there was little correlation between the decrease of 
conduction velocity presumed to account for the slower rate of flutter and the 
degree of lengthening of the refractory period necessary for extinction of the 
circus. 

B. Dibemyl-P-chloreihylamine versus epinephrine. Epinephrine influences all 
the above aspects of cardiac function — inotropic, chronotropic, bathmotropic, 
and dromotropic — in a positive sense; yet, whereas dibenzyl-|3-chlorethylamme 
is capable of interfering with the contractile effect of epinephrine upon smooth 
muscle, it did not affect several positive actions of epinephrine upon cardiac 
muscle. It has previously been reported that dibenzyl-^-chlorethylamine does 
not prevent the cardio-accelerator effect of epinephrine. The literature dealing 
with the other adrenergic-blocking compounds contains similar statements (1). 
It is clear that in most instances (but cf. 11) doses of adrenergic-blocking com- 
pounds large enough to abohsh or reverse the pressor response to epinephrine 
do not affect its accelerator and inotropic actions. For dibenzyl-j3-chlorethylamine 
the results reported above establish that this is true also for the effects of epi- 
nephrine on the maximal rate of the isolated rabbit auricle, and on auriculo- 
ventricular conduction and rate of auricular flutter in the dog. The absence of 
an anti-adrenergic effect might, however, be considered due merely to insuffi- 
cient quantity of blocking agent or insufficient time of exposure to it. Indeed, 
for each adrenergic-blocking compound which was well-knomi before the advent 
of dibenzyl-jS-chlorethylamine, competent observers have reported that suffi- 
ciently large doses do produce a diminution or abolition, or even a reversal, of 
the accelerator action of epinephrine in the mammalian heart (11-17). In the 
heart-lung preparation, at least, the doses of dibenzyl-fl-chlorethylamine and 
the times of exposure are both large (from 20 min. after more than 200 mgm. 
per kgm. to 165 min. after more than 40 mgm. per kgm.). The size of dose one 
may use is limited by the deleterious effects of large doses on the heart. For 
present purposes it is enough to state that large doses of this compound do not 
interfere with the cardio-accelerator or positive inotropic effects of epinephrine. 

C. Comparison of dibenzyl-^-chlorelhylamine with dibenzylethanolamine and 
guinidine. Dibenzyl-/5-chlorethylamine is effective against the excitatorj' actions 
of epinephrine upon smooth muscle by virtue of its )3-cblorethylamine structure 
(1). Yet it may be expected to share some of the pharmacological properties of 
other amines lacking this structure but otherwise similar. Of particular interest 
is dibenzidethanolamine, which is thought to be one of the breakdo\Yn products 
of the fl-chlorethyl compound. Dibenzylethanolamine is devoid of adrenergic- 
blocking activity (1), and unable to protect against cyclopropane-epinephrine 
ventricular irregularities, as noted above in confirmation of Nickerson and 
Nomaguchi (19). Yet its action on the rate of the fluttering auricle in the dog 
is sinular to, though more intense than that of dibenzyl-/3-chlorethylamine. 
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other substances closely related but not known to have adrenergic-blocking 
properties are dibonzylethylamine and dibcnzylmethylaminc. Like dibenzyl-/3- 
chlorothylaminc, however, these have been found to raise the faradic fibrillation 
threshold of the rabbit’s auricle and ventricle (20, 21), and the methyl com- 
pound has been reported to prevent chloroform-epinephrine ventricular fibrilla- 
tion in the dog (22). These actions arc not dificrent from those produced by 
such more remotely related amines as procaine and qutnidine, which affect nu- 
merous phases of the activit}’ of different kinds of cardiac tissues. 

A rational classification of the effects of substances like quinidinc and dibcnzyl- 
P-chlorcthylamine on the heart is not yet available. One compares them and 
finds that they are alike in a number of w-aj-s. Quinidine is used as a point of 
reference not because any theoretical importance is attached to it but because 
relatively much is knonm about quinidinc. The hjqjothcsis wliich underlies the 
comparison is that quinidinc and dibcnzyl-^-chlorelhylamine owe their similar 
actions to similar mechanisms. This remains to be established. 

D. Onset and duration of effects of dibeneyl-fi-chlorcihylaminc. Nickerson and 
Goodman (9) noted tluit the action of dibcnzyl-^-chlorcthylamine upon the 
pressor response to epinephrine rciichcs its maximum only after about 30 min. 
Since distribution through the body occupies but a few minutes, this time is 
probably taken up by the slow rcjiction of the blocking agent with the cellular 
elements. The results noted above in the rabbit auricle (fig. 1) might be inter- 
preted in like matmer, were it not for the fact that the addition of the dibenzyl- 
d-chlorethylamine hydrochloride solution to the bath led to a cloudiness of the 
latter, which slowly cleared. Presumably during this time not all of the dibenzyl- 
j3-chlorothylamino was available to react with the auricular tissue. By contrast 
the effects of this compound on the ventricular muscle and the sinus node in 
the heart-lung preparation (fig. 1) and its effect on the rate of auricular flutter 
in the dog (fig. 3) reach a maximum in relatively few minutes. 

tVlicn dibenzyl-/3-chlorethylamine is injected intravenously in a cat, its effects 
on the pressor response to epinephrine can still bo detected one and one-half to 
five days later (9). Inability to wash out the adrenergic-blocking effects of 
dibenzyl-/3-chlorethylamino has been demonstrated in the isolated uterus of the 
rabbit (23, 8, 1). These facts suggest that the reactions of the agent with some 
tissues are not readily reversible. A similar lack of reversibility is reflected by 
the failure of repeated washing to restore to its normal state the rabbit auricle 
which has been c.xposed to this compound (section II). In the dog heart-lung prep- 
aration, failure produced by this agent did not show signs of spontaneous 
recovery for ns long as 45 min. (section I); but, in view of Hunt’s report that 
adrenergic-blocking material may remain in the blood of the cat for ns long as 
five hours after the intravenous injection of 20 mgm. per kgm. of dibcnzyl-i3- 
chlorethylaminc (8), one is not justified in judging the reversibility of the reac- 
tion producing the negative inotropic effect in the experiments here reported. 
In both of these instances, however, the reaction is not such as to cause 
adrenergic blockade, i.e., epinephrine produces its usual positive inotropic, 
chronotropic, and dromotropic effects. In the case of the rabbit auricle, therefore. 
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it is clear that dibenz34-j3-chloreth3’lamme can I'cact in a difficultly reversible 
manner without producing an adrenergic-blocldng effect. It is not surprising 
that such a reactive substance as the imino derivative of dibenzyl-jS-chlorethyl- 
amine should enter into firm combination nnth more than one kind of tissue 
element. In contrast to the long duration of these effects is the brief action of 
injected dibenzyl-/3-chlorethylamine on the rate of the fluttering auricle. The 
reaction of the compound with the tissue elements which leads to this effect is 
a readily reversible one. 

The protection against cyclopropane-epinephrine ventricular irregularities has 
been reported to last at least 24 hrs. (19). The results noted in section IV indicate 
more fully that the duration of the protection is similar to that of the anti- 
pressor effect of dibenzyl-/3-chlorethylamme, that is, one and one-half to five 
days. The same result obtains for the protection of unanesthetized dogs against 
the ventricular tachycardia produced by large doses of epinephrine in the ab- 
sence of hydrocarbon sensitizer (24). It has been argued that the simultaneity 
of disappearance of these two effects, protection against irregularities and anti- 
pressor action, indicates that the former results from an adrenergic-blocldng 
effect (1). This is supported by the fact that adrenergic blockade removes a 
factor which contributes to the production of ventricular irregularities, namely, 
the rise of arterial pressure usually produced by the epinephime (25), A direct 
myocardial action of dibenzyl-iS-chlorethylamine has, however, also been invoked 
to account for the protection (1). It is worth pointing out that (a) as yet no 
specific mj'ocardial effect of dibenzyl-^-chlorethylamine has been demonstrated 
to produce this protection and (b) prolonged action is not necessarity adrenergic- 
blocking action, since the isolated rabbit auricle shows a difficultlj’’ reversible 
effect of dibenzyl-j3-chlorethylamine which is not related to adrenergic blockade. 

SUMMARY 

1. Dibenzyl-j3-chlorethylamine in high doses has a negative inotropic effect 
upon the heart-lung preparation of the dog. In still higher doses it decreases 
sinus rate. 

2. It progressively diminishes the sinus rate and the maximal rate of the iso- 
lated rabbit auricle. 

3. In doses of 3 to 20 mgm. per kgm. it decreases the rate of the fluttering 
auricle in the dog. Quinidine has a similar effect in doses twenty times smaller. 
Dibenzylethanolamine in equal doses has a more intense effect of similar dura- 
tion. 

4. The effects of epinephrine upon these preparations (positive inotropic ef- 
fect, increase of sinus rate, increase of maximal rate, increase of rate of flutter- 
ing, improvement of AV conduction) are not affected by dibenzyl-/3-chlorethyl- 
amine. 

5. The protection against cyclopropane-epinephrine ventricular irregularities 
produced by dibenzyl-/3-chlorethylamine lasts one and one-half to five days. 
Dibenzjdethanolamine does not produce this protection. 
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ErgonoArine, an alkaloid base of ergot, was first isolated in 1935. It is used 
clinically in tbe treatment of postpartum hemorrhage, and also for the relief of 
migraine headache, which is generally conceded to be in some way related to 
vascular conditions. 

A review covering the discovery, physical and chemical properties and thera- 
peutic uses of ergonovine has been published by Smith (1). The unique clinical 
importance of this drug has been emphasized particularly by Dale (2), Dudley 
and Moir (3), Moir (4) and Adair, Davis, IGiarasch and Legault (5). 

Thus far there are no published reports on the vascular effects of ergonovine 
in which the arterioles, venules and the minuter vessels in the capillary bed have 
been studied directly. The present report deals with such direct observations, 
which were made upon newly formed blood vessels in transparent chambers in 
rabbits’ ears. Such chambers have been described in numerous previous papers 
published from this department, under the supervision of Dr. Eliot R. Clark. 
The actual observations described in this paper were made with the use of the 
“moat chamber” (6, 7). 

Methods. For information concerning the construction, installation and use of the moat 
chamber, reference should be made to the original description by Abell and Clark (6). 
The response of the vessels in such chambers to ergonovine maleate was studied at mag- 
nifications of 200 and 400 diameters, and their reactions recorded photomicrographioally 
with a Leitz ‘mifilmca’ camera. Measurements of the diameters of the vessels before and 
after the injections were made with a micrometer ocular. 

Seven rabbits were used, each with a chamber in one ear. A total of 103 injections were 
made, and the effects of each of the concentrations used verified by repeating the experi- 
ments on different days, and in different rabbits. All of the injections were made into the 
marginal ear vein of the ear that did not contain the chamber. 

The rabbits weighed between 3 and 4 kgm., and the doses are recorded in terms of total 
milligrams injected. Amounts varying from 0.005 mgm. to 4.0 mgm. were injected inO.Sco. 
to 1.0 cc. of mammalian Ringer’s solution. Injections of mammalian Ringer’s solution were 
made to see whether any caliber changes occurred as the result of the injection itself. No 
changes were observed. 

Observ.\tions. I. Reactions of the Blood Vessels and Blood Flow to Injections 
of Ergonovine Maleaie. 1. Arterioles. Injections of ergonovine maleate caused 

' The ergonovine maleate used in these e.xperiments was ‘Ergotrate’ (Ergonovine Male- 
ato, U. S. P., Lilly). 

’ The present studies were aided by a grant made by Eli Lilly and Company to the Depart- 
ment of Anatomy of the University of Pennsylvania Medical School. 

’ Present address; Bellevue Hospital, Department of Psychiatry, New York, N. Y. 
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arteriolar constriction. Tlic degree of constriction, the duration of constriction, 
and tiiD effect upon the velocity of blood flow was proportional, within limits, 
to tlie amount injected, as sho\ni in table 1. As is evident from this table, small 
amounts of ergonovine (0.005 mgm.) caused onlytslight arteriolar constriction, 
with little change in velocity of blood flow, and witli return of the vessels to 
their control diameters within approximately five minutes. Larger injections 
(0.10-0.20 mgm.) produced greater comslriction, cf. figs. 1 to 3. Following injec- 
tions of still larger amounts (3.0 to 4.0 mgm.), the constriction persisted for a 
much longer time (three to five hours), and caused prolonged reduction in rate 


TAPLE 1 

Thr effect oj single injcelwng of ergonvrine ntalcotc uponsmnll artenolcs and upon ihc velocily 
of blood flow 

Tho fipurc “100” for clrgree of corstriction in per cent of control cllnmctcr 

means that tl\e arteriole lumen uas entirely oh)iicrntc<!- The figures f;ivcn represent aver- 
ORC results, the number of injections upon ahicli the averaRO is l)ascd for each amount of 
erponovino injcctc<l heinp given in (he left hand column. 
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of blood flow. Figures 8 and 9 illustrate continued arteriolar constriction following 
injection of 3.0 mgm. 

Injections of n given amount of ergonovine malcate made on successive days 
caused the same degree of constriction each day. Thus 0.01 mgm. (an amount 
in the rabbit equivalent bj' weight to the clinical dose of 0.2 mgm. in man) was 
injected on cacli of fourteen successive days, with similar results each day. At 
no time during or after this fourteen-day period was there any sign of injury to 
the vessels, and at the end of the fourteen-day period the vessels differed in no 
detectable way from their condition before the injections. 

Repeated injections at intervals of fifteen to thirty minutes produced approxi- 
mately the same degree of constriction each time when concentrations of 0.005 
to 0.01 mgm. were used, but not with concentrations of 0.2 mgm. or more. As 
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fihowii in (ablo 2, rcpwitcd injoottons of 0.2 nifini. at fiftccn-minuto intervals 
caused proKrcsMvcl.v less eonstrietion of all arterioles up to 20 microns in diam- 
eter (cf. fig. ‘I). The fourth, fifth, and sixth injections produced actual dilatation 
of such arterioles. Although smdi smaller arterioles did not constrict after the 
second injection of 0,2 mgm., arterioles 45 microns in diameter and over did 
(cf. figs. r> and 7, and table 2). 

A single injection of l.O mgm. caused arterioles uj) to 20 microns in diameter 
to be uni'e.sponsivc to a second injection made thirty minutes later, but arterioles 
•ir> microns in diameter and over still constricted. The second injection made 
such large arterioles unresponsive to a thirtl injection made thirty minutes after 
the second, but the main artery of the ear (1.0 mm. in diameter) constricted 
00 per cent of its control diameter. The smaller arterioles actually dilated fol- 
lowing this third injection, which c.aused simultaneous constriction of the main 
artery of the ear. 

Thus the smaller arterioles became refractory to repeated injections of ergo- 
novine malcate .‘^ooner tban the larger ones; the number of injections required to 
produce refractoriness in a given arteriole depending upon the amount injected 
and the size of the arteriole. 

Although repeated injections of 0.2 mgm. or more of crgonovinc nmicalc ren- 
dered the smaller arterioles unresponsive to further injections of crgonovinc, the 
response to epinephrine was not altered (cf. figs. 10-11). Thus follouing injec- 
tions of 0.025 mgm. of epinephrine the arterioles constricted just as vigorously 
and stayed constricted just as long when they were refractory to crgonovinc 
malcatc as (hey did before ergononne. This was found to be true for injections 
of crgonovinc malcatc up to 3.0 mgm. The effect of larger nmount.s upon the 
response of the arterioles to epinephrine was not tested. 

2. VcaaMs. Ergoiiovinc malcatc in amounts of 0.005 mgm. produced no ap- 
preciable effects upon the diameters of the venules. In amounts of 0.01 mgm,, 

Fio. 1. PliotomicroRraph of arlcriolc (.A) and vciiulc (V) in part of tljo b.ay of a trans- 
parent “moat chamlicr” in a nibliit’s ear, alionini; control appearance of vessels. Actu.al 
(Hninetcr of arteriole 20 microns. .Mag. X 500. 

Fin 2. Same rc.^.^els 45 seconds after intravenous injection of 0.2 rngm. of erRonovinc 
inaleale. Artcnole markedly constricted, and blood flow stopped. Venule partially con- 
stricted. M.aR. X 5(K) 

Fin. 3. Same vr.s.«5e!3 twelve minutes after injection. Arteriole somewhat dilated, due to 
reactive hyperemia. Venule still n.arrowcd. Map. X 500. 

Fin. 4, Same vcsvsels 15 seconds after the last nf three injections of 0.2 mpm. of crRoiio- 
vinc maleate, made at fiftocn-ininutc inten'nls. Arteriole not constiictcd. Map. X 500 

Fin. 5. PhotomieroRraph of a larRcr arteriole (A) in the bay of tlic same ebaniber, show- 
ing control (liametor. .\ctual diameter of this arteriole 45 microns. Mag. X 5(X). 

Fin. C. Photomicrograph of same arteriole one minute ami fifteen seconds after first 
injection of 0.2 ingm. ergonovine maleate. Arteriole is markedly constricted, though not 
to as great a degree as tlie smaller arteriole shown in fig. 2, 45 .seconds after tliis injection. 
Mag. X 600. 

Fio. 7. Photomicrograph of the same nrlcriolc one minute and fifteen seconds after the 
third injection of 0.2 mgm. of crgonovinc malcatc, made at fifteen-minute intervals. This 
larger arteriole constricted markedly after the third injection, whereas the smaller arteriole 
shown in fig. 4 failed to constrict 45 seconds after this same injection. Mag. X 500. 
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venules 2D-35 microns in diameter constricted approximately 20 per cent, in 
amounts of 0.2 mgm. 30 per cent (cf. fig. 3), and in amounts of 4.0 mgm. also 
approximately 30 per cent. 

3. Capillaries. No active capillary constriction was observed after any of the 
injections, the lumens of the capillaries remaining open at all times. 

II. Effect of Injections of Ergonovine Maleaie upon the Blood Vascular Endo- 
thelium. Ergonovine maleate, when injected into the rabbit in amounts com- 
parable to those used clinically (i.e., in amounts of 0.01 mgm. in a rabbit, which 
is comparable to 0.2 mgm. in man), caused no irritating or injurious effect. 
There was no change in distribution of the blood platelets within the blood 

TABLE 2 

Effect of repealed injections of ergonovine maleate upon the diameters of styiall and medium 
sized arterioles, and upon the main artery of the car 


The injections were made at fifteen-minute intervals. The figure "100” for degree of 
maximal constriction in per cent of control diameter means that the arteriolar lumen was 
entirely obliterated. 


1 

AMOUNT OF i 
ERGONOVINE ' 
MALEATE ' 
INJECTED 

NO. OF 
INJECT. 

SIZE OF 
IXSSEL #1 

DEGREE OF 
AfAXIUAL 
CONSTRICTION 

IN TER CENT OF 
CONTROL DIAM. 

SIZE OF 
VESSEL #2 

DEGREE OF 
MAXIMAL 
CONSTRICTION 
IN PER CENT 
OF CONTROL 
DIAM. 

SIZE OF 
VESSEL #3 

DECREE OP 
MAXI&UL 
CONSTRICTION 
IN PER CENT 
OF CONTROL 
DIASt. 

mgm. , 


microns 


microns 

i 

1 

microns 


0.2 

1 

20 

100 

45 

; .S3 




2 

20 

20 

45 

75 




3 

20 

0 

45 

70 




4 

1 

20 

10% 

dilated 



1 



5 

1 

20 

20% 

dilated 






i 6 

20 

50% 

dilated 




1 

1.0 

1 

20 

100 

45 

100 

1000 

90 


2 

20 

0 

45 

40 

1000 

90 


3 

20 

20% 

dilated 

45 

0 

1000 

90 


stream, no change in distribution or shape of the erythrocytes, no increase in 
sticlviness of the endothelium toward leukocytes, no change in the leukocytes 
themselves. This was found to be true both of daily injections over a period of 
fourteen days, and also follotving repeated injections made on the same day. 
T his Avas true even Avhen the amount injected v^as 0.2 mgm. (twenty times 
greater than the comparative clinical dose in man). 

Single injections of 3.0 mgm. (300 times the comparative clinical dose) Avere 
found not to increase appreciably the stickiness of the endothelium toAvard 
leukocytes (cf. figs. 8 and 9). Repeated injections of such extremely large amounts 
OA''er a period of five days, hoAvever, caused marked sticking of leukocytes to 
the walls of the arterioles, capillaries and venules in two of the rabbits, the de- 
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Fio. S. PhotomicroKraph of urteriolo (A) nnd vein (V) in a part of the bay of a “moat 
chamber’' ui a rabbit’a car, filiaa'inR control appearance of vessels. Map. X 500. 

Fig . 9. Same vciy^cH one hour and sixteen minutes after intravenous injection of 3.0 mgm. 
of crponoviiic malcatc. Arteriole still constricted to approximately one-half its control 
diameter. No increase in adherence of leukocytes to the endothelium. Mag. X 500. 

Fio. 10. Photomicrograph of an arteriole and two venules in the bay of a "moat cham- 
ber”, taken fourteen minutes followinp the la.st of four injections of 0.2 mgm. ergonovino 
malcatc. The fourth injection produced no arterial con.striction, and at the time this photo- 
graph was taken, the arteriole w'as completly refniclory to ergonovine. Mag. X 500. 

Fig. 11. The same ves.scls 45 seconds following intravenous injection of 0.025 mgm. epi- 
nephrine. This injection was made fifteen minutes following the fourth injection of ergono- 
vinc, at whicli time the arteriole was refractory to ergonovine. The ppinephrinc has caused 
typical arteriolar constriction, with interruption of the blood flow. Mag. X 500. 


grcc of sticking reacliing phase 3 to 4 of the Clark and Clark scale (8). Not 
only did the leukocytes stick to the endothelium, they also stuck to each other, 







472 


RICHARD G. ABELL 


forming clumps. As such clumps increased in size, thej"^ frequently broke away 
from the vessel wall and were earned along in the circulation as emboli. ^STien 
two such emboli came in contact they stuck together, forming larger clumps 
which frequently plugged the venules. Such emboli were quite soft and pliable, 
and when they became stuck in the venules, red blood cells and blood platelets 
could be seen being forced in between the leukocytes. Once a venule was plugged 
in this wajq other emboli entering the venule came in contact with and were 
stopped b}"^ the obstruction. In this vray the plug increased in size until the en- 
tire venule was filled. 

Leukocj4es also stuck to the walls of the arterioles, forming masses which 
interfered with the blood flow. The arterioles remained constricted to approxi- 
matety one-half of their control diameters during the period of increased leuko- 
cjde sticldng and this also had the effect of reducing the blood flow. 

The stickiness of the endothelium began to decrease approximately two hours 
after the injection, and the leukocjffes were gi-aduallj' released from the walls of 
the arterioles. Most of the leukocjdic plugs that had blocked the venules grad- 
ually slipped along until they reached larger vessels and were carried away in 
the circulation iwthin 2 1 to 3 1 hours after the injection. 

Discussion. Premous studies in the literature have demonstrated that ergo- 
novine causes vasoconstriction (9, 10, 11), but there are no reports in which the 
constricting vessels were actually obser\'-ed microscopicallj' and measured. The 
results secured by Brown and Dale (13) are in accord with the present observa- 
tion that the arterioles become unresponsive following repeated injections of 
suflSciently large amounts of ergonovine maleate. The fact that the smaller 
arterioles became refractory to repeated injections before the larger ones sug- 
gests that in these experiments the cause for the development of the tachyphy- 
laxis lay at least part^’' vfithin the walls of the arterioles and arteries themselves. 
Thus all of the arterioles and arteries were bathed by the same blood, yet the 
smaller ones became um'esponsive before the larger ones. 

The present studies show that in amounts up to 3.0 mgm., ergonovine maleate 
does not cause any change in the reaction of the arterioles to epinephrine, a 
result which is in accord with the previous work of Davis, Adair, Chen and 
Swanson (9), and in marked contrast to the effect of epinephrine after ergotoxine 
and ergotamine (12). 

It is well known that gangrene can be produced only with difficulty in ex- 
perimental animals using ergonmune maleate, since ergonovine is the least toxic 
of the ergot alkaloids, and there are no clinical reports of gangrene in man 
following its use. Gangrene can be produced much more readily with two other 
ergot alkaloids, ergotamine and ergoto.xine. The gangrene produced by these 
latter ergot alkaloids is due to obliterative endarteritis and thrombosis. Hyaline 
thrombi have been obsen'ed in the arteries in fixed sections (14). The forma- 
tion of such thrombi is usually attributed to violent and prolonged constriction 
of the smaller arteries, and interruption of the blood flow, but as pointed out by 
Sollman (14) this is entirely hypothetical, since the process has never been ob- 
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Fervcd directly with the microscope in tlio living animal. Tiic results secured in 
the present experiments following repeated injections of massive doses of er- 
gonovine maleatc suggest that such thrombi may bo formed, at least in part, 
because of the injurious cfTcct of ergot "and ifs more toxic alkaloids upon, the 
vascular endothelium, a view previously suggested on theoretical grounds by 
Sollman (14). .^,1 

\ 

SUMMAUY 

1. The reaction of the arterioles, capillaries and v'cnulcs to intravenous in- 
jections of ergonovine maleatc as seen in transparent chambers in rabbits’ cam 
was studied at magnifications of 200 and 400 diameters _jn , the living animal. 

2. Following initial injections of 0.005 mgm. to 4.0 mgm. of ergonovine male- 
atc the arterioles eonstrictctl, the degree of constriction, the duration of con- 
striction, and the efTcct of the blood flow being proportional, within limits, to 
the amount injected. 

3. Injections of a given amount of ergonovine maleatc made on successive 
days causc<l the .«ame dcgrc^c of arteriolar constriction each day. Repeated in- 
jections at fifteen- to thirty-minute intcr\'al.s of 0.2 mgm. (twenty times the 
comparative clinical do<c in man) or more, caused jirogrcssivcly less arteriolar 
constriction, and finally arteriolar dilatation. 'I'hc smaller arterioles became rc- 
fractorj* to repeated injections sooner than the larger ones. 

4. Injections of ergonovine maleatc in amounts uji to 3.0 mgm. produced no 
change in the ix?spons<» of the arteriole.-? to 0.025 mgm. of epinephrine. 

T). Krgonovinc maleatc caused constriction of the venules when injected in 
amounts of 0.01 mgm, or more. 

0. Xo active capillarj* constriction was seen after any of the injections. 

7. Repeated injections of O.OI mgm, (an amount comparable by weight in 
the rabbit to the clinical dose of 0.2 mgm. in man) made on the same and on 
successive clays did not alter the vascular endothelium in any way detectable 
with the microscope. Repeated injections of massive amounts (3.0 mgm. in the 
rabbit, which is 300 times the comparative clinical dose in man) caused an in- 
crease in stickiness of the vascular endothelium toward leukocytes, and the for- 
mation of leukocytic masses wliich interfered with the blood flow and stopped 
it in many of the vessels. This effect was reversible, and disappeared within 
approximately three hours, 

8. The present studies dcmonstnitc that in amounts comparable to those 
used clinically, ergonovine maleatc is entirely without injurious effect upon the 
blood vessels in the rabbit, in so far as this can be determinc<l by direct observa- 
tion with the microscope. There is a verj' wide margin of safety between the 
usual clinical dose and one which docs produce toxic effects. Even when such 
effects were produced by massive injections, they were reversible. 

Tlie desirability of experiments such as described in this paper was first sug- 
gested to the author by Dr. K. K. Chen, and subsequently by Dr. Carl F. 
Schmidt, to both of whom the author is indebted. 



474 


RICHARD G. ABELL; 


REFERENCES 

1. Smith, R. G.: J. A. M. A., Ill: 220i, 1938. 

2. Dale, H.: Schweiz, med. Wchnschr., 65: 885, 1935. 

3. Dudley, H. W., and Moir, C.: Brit. Med. J., 1 : 520, 1935. 

4. Moir, C.; Brit. Med J., 2: 799, 1936. 

5. Adair, F. L., Davis, M. E., Kharasch, M. S., and Legault, R. R.: Am. J. Obst. & 

Gynec., 30: 466, 1935; 30: 740, 1935. 

6. Abell, R. G., and Clark, E. R.: Anat. Rec., 63: 121, 1932. 

7. Abell, R. G.; Anat. Rec., 69: 11, 1937. 

8. Clark, E. R., and Clark, E. L. : Am. J. Anat., 67: 385, 1935. 

9. Davis, M. E., Adair, F. L., Chen, K. K., and Swanson, E. E.: This Journal, 64: 398, 

1935. 

10. Davis, M. E., Adair, F. L., and Pearl, S.; J. A. M. A., 107: 261, 1936. 

11. Rothlin, E.: Schweiz med. Wchnschr., 65: 947, 1935. 

12. Wilson, H. C.: This Journal, 66: 97, 1936. 

13. Brown, G. L., and Dale, H. : Proc. Roy. Soc., London S. B., 118 : 446, 1935. 

14. SoLLMAN, T. A.; Manual of Pharmacology. 6th Edition, 1942. W. B. Saunders and 

Company. 



NITRITES 

XI. Nrrnic Esrnns of Alkyl Glycollates' 
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In ft previous report (1) two of us (J. C. K., Jr., and C. J. C.) described the 
depressor response of the dog to intravenous injections of nitric esters of certain 
alkyl glycollates and of sodium glycoUate. It was shown that the salt is far less 
potent than the allod esters. The former is very soluble in water, while the latter 
arc onlj’ sparingly soluble and have high oil/water coefficients. Large doses of 
the salt (50 mgm. per kgm.) arc required in order to produce depressor effects. 
Refractoriness of the animals after recover}* from the first doses was reported. 
However, animals Avhich were rcfnactorj* to subsequent largo doses of the salt 
were not tolerant to the alkyl esters. Tlicsc esters were sufficiently potent to 
cause repeated deep depressor responses. 

Tlic original group of four alkyl esters of glycollatc nitrate has now been ex- 
tended to include all normal chain alkyl homologs from methyl to decyl, and 
certain branched chain isomers. It is the purpose of this study to examine the 
relationships between potency and water solubility and between potency and 
stnicturc in this series. 

Methods. Rel.'vtivc depressor potency nmoog the olkyl glycollate nitrates was deter- 
mined by means of an assay in wlitch each homolog, in O.OI M hydroalcoholic solution, 
was compared with a solution of a standard, Iho concentration of which was adjusted to 
an appropriate value. Alternating intravenous injections of equal volumes of tlio unknown 
and of the standard were made in ctlicritcd dogs. Three or more depressor responses to 
cacli agent which were statistically equivalent constituted an assay. The standard used 
was the isobutyl ester of glycollatc nitrato. It was found to bo among the most potent of 
the group. The ratios of the molarities of sUandard solutions to those of tho other members 
of the group in which they were comparable nre termed the "isobutyl ratings” of the com- 
pounds. These ratings are an expression of relative potency. Solubility in water of all com- 
pounds was determined and related to their potency. 

Results. Table 1 lists the compounds prepared and studied, with the isobutyl 
ratings of those which were assayed, and -with solubility data on all. The data in 
the table which concern straight chain esters are shown graphically in figure 1. 
The latter reveals the general relationsliip between potency and solubility among 
those members of the group. Potency increases as water solubility decreases, un- 
til the octyl compound is reached. Tlie concentration of alcohol required for 
solution of the latter at 0.01 M strength -was great (58 per cent) and renders the 
validity of assays of higher homologs uncertain. 

' The expense of this investigation has been defrayed in part by a grant from Eli Lilly 
and Company, Indianapolis, Indiana. 
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TABLE 1 


Relative potency and water sohibility among alkyl esters of the nitric esters of glycolUc acid 


ALKVL ESTER O.Ot 11 

XQUn'ATENT 
MOLARITY OF 
THX ISOBUTVL 
STANDARD 

ISOBUTYL 

RATINCt 

WATER 

SOLUBILITY AT 
30’C, GRAMS 
PER too CC. 

Methyl 

0.0006 

0.06 db 0.01 

2.444 

Ethyl 

0.002 

0.2 i 0.05 

0.291 

Isopropyl 

0.004 

0.4 ± 0.05 

0.176 

n -Propyl 

0.004 

0.4 ± 0.05 

0.181 

(Isobutyl) 

0.010 

1.0 

0.131 

sec-Butyl 

0.003 

0.3 ± 0.02 

0.118 

n-Butyl 

0.004 

0.4 ± 0.02 

0.135 

Isoamyl 

0.010 

1.0 ± 0.1 

0.092 

n-Amyl 

1 0.0065 

0.65 ± 0.05 

0.099 

n-Hexyl 

1 0.006 

0.6 ± 0.04 

0.124 

n-Heptyl 

0.010 

1.0 ± 0.1 

0.095 

n-Octyl 

0.0065 

0.65 ± 0.1 

0.103 

n-Nonyl 

4t 

♦ 

0.111 

n-Decyl 

« 

* 

0.115 


♦ The higher members require too great a concentration of alcohol for solution at 
0.01 ilf. Assays of potency by this method are not valid. 

t The standard errors of the assays were expressed in per cent. ^Vllen the assay value 
was converted to its “Isobutyl Rating” the standard errors were expressed in per cent of 
hese respective ratings. 



Number of Carbon Atoms 
in Alkyl Group 


Fig. 1. Relationship between Potency and Water Solubility Among Normal Chain 
Alkyl Glycollate Nitrates. 


It may be noted in the table that the isoamyl and isobutyl esters are much more 
potent than their isomers. Varying solubility data among the butyl and amyl 
isomers do not explain (Merences in their relative potency. 
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Discussion. Tlio importance of oil/wafer coefficients in dnig action lias been 
appreciated for many decade.s. It is more striking in some classes of drugs than 
in others. It is very marked in the case of inorganic and organic nitrites, and in 
that of organic nitrates. In this Bcrics of compounds water solubility and oil solu- 
bility were in inverso ratio to each other (1). .‘Vmong the straight chain alkyl esters 
of the nitrates of glycollio acid, the peak of potency w.as found to reside in the 
n-heplyl compound. This may mean that its oil/water coefficient is optimum, 
and that the assay method docs not setve to evaluate the higher members be- 
cause of the inordinately high alcoholic content neccasarj' for their solution. De- 
creasing water solubility thus becomes a limiting factor in depressor potency in 
the scries. 

Tlic high potency of the isobutyl and isoamyl esters suggests a structural 
factor in tho determination of potency, for solubility in water does not explain 
it. 


6U.MSIAnV 

The homologous scries of alkyl esters of tho nitric esters of glycollio acid has 
been extended to include all straight chain compounds from tho methyl to tho 
decyl and certain of tho branched chain isomers. Water solubility of all, and 
relative depressor potency est.ablished by bioas.s.ay of all but the nonyl and decyl 
esters, are reported. Tho isobutyl ester posscs.ses much greater potency than 
its normal and secondary isomers, and al.«o more than alt norm.al chain homo- 
logs tested with tho exception of the n-hcptyl compound. The relationship be- 
tween water solubility and potency is presented. 

REFERENCE 

1. IvnANTZ, J. C., Jn., Cxan, C. J., FomiAN, S. E., and Cone, N.: This JouaNAL, 70: 323, 
1940. 



RESISTANCE TO TOXIC THIOUREAS IN RATS TREATED WITH 
ANTI-THYROID COMPOUNDS 

K. K. CARROLL and R. L. NOBLE 

Department of Medical Research, University of Western Ontario, London, Canada 
Received for publication September 17, 1949 

The acute toxic effects of certain thioureas in rats have been studied exten- 
sively by Richter and his collaborators (1-3). Substances such as phenylthiourea 
and a-naphthylthiourea (ANTU) are lethal in relatively low doses, producing 
massive pulmonary edema and pleural effusion. Less toxic compounds such as 
thiourea and several other mono-substituted derivatives also cause similar changes 
in rats (4). Marked differences in species susceptibility exist for these poisons, 
and in general herbivors are more resistant than camivors or omnivors (3, 5). 
The high susceptibility of the rat, and the fact that it will readily eat amounts 
which are lethal has led to the extensive use of ANTU as a rodenticide. 

Resistance to a toxic thiourea can be readily induced in the rat by pre-treat- 
ment with sub-lethal doses of the compound, as was first shown for phenyl- 
thiourea by Richter and Clisby (1). The same development of resistance has 
been reported for ANTU (2). Animals so treated can shortly tolerate doses up 
to 100 times that lethal to control animals. The resistance appears within 24 
hours and may last for more than sixteen days (6). Most workers have described 
the resistance which follows pre-treatment with the same toxic compound but 
in one report pre-treatment with thiouracil was shown to confer protection 
against the toxic action of thiourea (7). It has also been shown that treatment 
with potassium iodide will induce resistance to ANTU in normal but not in 
thyroidectomized rats (8). 

In the experiments to be described a study has been made of the resistance 
to toxic thioureas. It will be shown that the ability of any compound to protect 
the rat against phenylthiourea or ANTU is apparently a specific property and is 
not directly related to the acute toxicity or anti-thyroid activity of the partic- 
ular substance. 

Methods. Adult male or female rats, of different strains, weighing over 200 gm., were 
maintained on Purina Fox Chow, and water ad lib. No significant variation in susceptibility 
to phenylthiourea or ANTU was noted in the different strains of rats, in the different sexes 
or in rats fed other “chow” diets of similar composition. 

Substances were administered in water or suspended in 10 per cent gum acacia, the con- 
centrations being adjusted so that whenever possible each dose was less than 1 cc. Acute 
toxicity was determined for a single dose of the substance administered intraperitoneally. 
Mortality was noted for the following 48 hours. 

The ability of a compound to impart resistance was determined by injecting it sub- 
cutaneously on three alternate days. Eight hours after the last injection the animal re- 
ceived an intraperitoneal injection of 30 mgm./kgm. of body weight of phenylthiourea or 
ANTU — representing at least six times the normal lethal dose. This method was used in 
obtaining the results reported in tables 1 and 2. In an alternative assay the test substance 
was injected every day for three days and the animal tested with the toxic compound on 
the fourth day. Similarly a single injection was found to impart in 24 hours resistance to 
doses of 20 mgm./kgm. or more of the toxic compounds. 
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Colorimetric estimation of the excretion of phenylthiourca in the urine was made with 
Oroto's reagent. Tliis wn.s prepared and a standard curve obtained ns described by Wil- 
liams, Jandorf and ICay for tbiouracil (0). This method was found to be satiafactory when 
applied to rat’s urine. An Evcl>*n colorimeter with C20 filler was used for the colorimetric 
measurements. 


TABLE 1 


Profrrtire (i&i7i7y, ncufe toxicily and anti^thyroid activity of compounds which protected rata 
from poiaoninQ by phenyUhiourea and ANTU 


COMPOtVO 

zone* 

LBtH 

inrMott 
Of lATS 
DtU> 

nOTtOTSO 

eosE* 

mmsEs 
or RATS 
OSCD 

AKTl- 

TUYSOro 

AcnviTy' 

Thiourea . 

A 

n/m /ifw. 

10-1000* 

15 

mtif* ftsm. 

0.1.0. 5 

8 (9)< 

0.12 

PhenyUhiourea 

EK 

5 

12 

(0.3-1 .0)* 
0.5-O.C 

10 

— 

Allylthiourca 

EK 

soo 

n 

0. 1-0.8 

11 

— 

a-Knphthyllhiourea (ANTU)... 

D 

5 

8 

0.5-1 .0 

8 


2-Mcrcaplolhiazoline 

A 


3 

1. 0-2.0 


1.3 

Acctylthiourca 

EK 


C 

(3. 0-7.0) 
3. 0-5.0 



Thiothymine. ... • 

s 


0 

5. 0-7.0 


0.7 

C-n-PropyUhiouracil ... 

L 

400 

8 

(10-20) 

10-15 


11 

Di-n-butylthiourca 

UK 

300 

7 

10-15 



2-Thiounicil 

AC 


C 

3CM5 


1 

Thiobarbltnl 

A 

175 

m 


10 

1.7 

Potassium iodide 

ht 

— 

— 

00-120+ 

10 

— 

Ammonium thiocyanato 

M 

— 


100-200 

7 

— 

6,5-Diphenyl-2-thiohydantoin. , 

A 

— 

— 

100-200 

4 



* Protecting Dose.— Tlic approximate quantity which, when given at each of three 
injections according to the procedure described, will just protect rats from a subsequent 
dose of 30 mgm./kgm. of phenyUhiourea. At the smaller figure, the majority of rats died, 
while at the larger, the majority survived. 

* The figures in brackets give the results of experiments in which ANTU was used as the 
toxic compound rather than phenylthiourca. 

* Anti-thyroid Activity. — Relative activities based on thiouracil » 1. The figures aro 
taken from a paper by Astwood, Bisscll and Hughes (10). Although quantitative measure- 
ments arc not available for some of these compounds, all of them have been shown to have 
anti-thyroid activity. 

* The toxicity of thiourea appeared to varj' tremendously, a fact wWch has been noted 
previously (3). 

A— Abbott, EK— Eastman Kodak, D— Dupont, S— Schwartz Laborivtories, New York, 
If— Lcderle, AO-American Cyanamid, M— Merck. 

B-ESUlts. AcuU Toxicily of Thiourea and Related Compounds. The approxi- 
mate dose necessary to cause 100 per cent mortality in rats has been determined 
for the compounds studied. Since for the purpose of these experiments only 
rough comparative values were necessary the number of animals used was in- 
sufficient to establish accurate toxicity levels. The values obtained have been 
listed in table 1. 
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It may be seen that an extreme range of toxic dose levels was shown by various 
compounds. Whereas the more toxic substances such as ANTU and phenyl- 
thiourea required doses of only 5 mgm./kgm. to cause death, others such as 
aliylthiourea and thiothymine required 800 to 1000 mgm./kgm. 

Protective Action of Thiourea and Related Compounds. The minimal amount of 
the various compounds which when administered to rats would then protect 
them against six times the lethal dose of phenylthiourea was determined. These 
values are also listed in table 1, and the substances are arranged so that the more 
active ones are placed first. 

It may be noted that the most effective substances were thiourea, phenyl- 
thiourea, and aliylthiourea. I^Tien one compares the acute toxicity of the various 
substances with their ability to induce protection it is obvious from the results 
listed in the table that there is no direct relationship. Aliylthiourea, for example, 
is a highly effective protective compound and yet is relatively non-toxic. 

The protective action against ANTU has also been determined for a number 
of substances. These results were similar to those obtained for phenylthiourea 
although more of each compound was required to produce a comparable protec- 
tive effect. 

A number of compounds, some closely related chemically to those found to be 
active, have failed to confer protection against phenylthiourea in the doses tested. 
These substances have been given to groups of two or three rats only but failed 
to show any evidence of protective action. They are listed in table 2. 

Anti-thyroid activity in thiourea and related compounds. For the sake of com- 
parison the anti-thyroid activity in rats of the various substances listed in 
table 1 has been included. These values were not determined but were taken 
from a paper by Astwood, Bissell and Hughes (10). The figures shorvn are ex- 
pressed in terms of the actmty of 2-thiouracil which was given the arbitrary 
value of 1. 

From the anti-thyroid activity of the compounds listed it can be seen that 
there is no direct relationship between this property and that of imparting re- 
sistance. Furthermore the acute toxicity, protective action, and anti-thyroid 
action appear to be non-related properties and have independent actions. 

Mechanism of protective action, a) Protection in thyroidectomized animals. Six 
rats were thyroidectomized and two to three weeks later received protective 
doses of either phenylthiourea or 2-thiouracil. All animals survived the test 
dose of 30 mgm./kgm. of phenylthiourea. Completeness of the removal of thy- 
roid tissue was verified by failure of the animals to sundve at a temperature of 
5°C. for more than five days. 

b) Excretion of phenylthiourea. Excretion studies of phenylthiourea were con- 
ducted on urine of resistant rats. Four rats were treated with phenylthiourea 
until they showed no evidence of lung damage following a single intraperitoneal 
injection of 100 mgm./kgm. After this injection their urine was collected for a 
period of 55 hours, and specimens were treated with Crete’s reagent and assayed 
colorimetricallsL Of the 98 mgm. administered, 11.5 mgm. were excreted in the 
first 24 hours and 4.3 mgm. in the following 24-hour period. Amounts of this 
urine calculated to contain doses of 3 to 4 mgm./kgm. were given intraperitone- 
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ally to normal rats. These animals cither died or when killed showed the lung 
edema and pleural effusion, typical of poisoning by thiourea compounds. Con- 
trol rats injected with equivalent amounts of normal urine showed no such ef- 
fects. 

c) Protection against lung irritant gn-ses. Ten rats received daily doses of 
thiourea until they had become highly resistant. Through collaboration of Dr. 
S. J. Patrick of the Defense Re.se.arch Chemical Laboratories at Ottawa, they 
were then c-xposed to two toxic concentrations of phosgene. 


TABLE 2 


CoMrjM>nnt/s vkich Juilcil to protect rats against poisoning bg phcnylthiourca 


rouMi:v& 

SOTXCX 

POtACX 
HCU./KCU. 
or BOOT 
WWCIIT 
AT ZAai 
ivptcnoM 

couroCNO 

SOtTVCK 

DOSACt 
11CU./XCU. 
or BODY 
n'ncar 

AT EACH 
CfJtCTION 

Cvstine 

M 

100 

Mclhyl(I-mcthyl- 

A 

200 




butyl)iminothio- 






barbituric ncid 



Mclluoninc 

M 

100 

Monod-methyl- 

A 

200 




butyl)iminothio- 






barbituric odd 



Sulfngunnidinc 

L 

200 

Sodium pentobarbital 

A 

70 

p*Aininobcn 2 oic ncid — 

BDII 

200 

Histamine dihydro- 

n 





chloride 



Acetonitrile 

EK 

200 

Diotlmnol sulCde 

EK 


Phcnylisotluocyftnale’ . 

EK 

100 

Urethane 

BDH 


Tliiocflrb.'wiHide*. . .. 

EIC 

200 

Calcium chloride 

M 


Monobciitvltbiobnrbi- 



Sodium sulfate 

M 


turic flcid 

A 

200 




Mono (1 -methyl-butyl)- 



Sodium thiosulfote 

M 


tlnobfirbituric ncid. . . 

A 

200 




Allvl(l.inethvl-lnityl) 



Ammonium chloride 

Mall 


iminotliiobarbituric 






acid 

A 

200 





^ Dissolved in propylene glycol for injection. 

’ Not well absorbed. 

M — Merck, L— Lcdcrlc, BDH — British Drug Iloases, EK— Eastman Kodak, A— Abbott, 
II-HoOman-La Roclic, Mall— MolHnckrodt. 

Wicreas all of the rats in a control group died at the higher and one of five 
at the lower concentration from tjqrical phosgene poisoning, all of the treated 
group succumbed to the same two concentrations of gas. Their lungs showed 
typical edema and there was no crndence that the ‘protective treatment’ had 
increased their resistance to phosgene. 

Similarly a group of rats made resistant to phenylthiourea showed no evi- 
dence of resistance when exposed to lethal concentrations of the gas carboxy sul- 
phide (COS) or of hydrogen sulphide. 

d) Species variation. Widely different toxic dose levels of ANTU for dif- 
ferent animal species have been reported (5). Although highly to.xio for rats 
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tliis substance is relatively well tolerated by rabbits. One compound investigated, 
tbiothymine, on the other hand was particularly toxic for rabbits. Doses of ap- 
proximately 100 mgm./kgm. in rabbits caused death from pulmonary edema and 
pleural effusion. In the guinea pig, rat and mouse, however, doses of 1000 mgm./ 
kgm. w’ere not always fatal and did not always cause lung edema. Splenectomy 
which has been described as increasing the tolerance of rabbits to tbiothymine 
(11), did not in a few experiments affect the lethal dose level. 

Attempts to demonstrate a protective substance in the blood of animals made 
resistant by pre-treatment with thiourea compounds were unsuccessful. 

Discussion. The acute toxicity and the effective dose which ■wall protect rats 
against lethal doses of toxic thioureas have been determined for a number of 
compounds. No direct relationship between those actions could be demonstrated 
and compounds of low toxicity such as allylthiourea may be highly active in their 
protective action. The anti-thyroid activity was apparently unrelated to either 
of the above actions and such compounds as sulfaguanidine, p-aminobenzoic 
acid and acetonitrile, representing different classes of anti-thjnoid drugs, had 
no protective action against phenylthiourea or ANTU. With the exception of 
potassium iodide and ammonium thiocyanate all the substances exhibiting a 
protective action contained the full or partial (e.g., 2-mercaptothiazoline) thio- 
urea grouping. The protective effect was shown against ANTU as well as against 
phenylthiourea although somewhat larger doses were required wth the former 
substance. 

The mechanism of the protective action is not obvious. This action is ap- 
parently liimted to substances of the groups described since lung edema caused 
by agents such as phosgene is not prevented. Protective compounds have to be 
administered prophylactically. If given at the same time or following the toxic 
substance they do not induce protection, even though animals normally do not 
die for 8 to 24 hours follorving the injection. Although the anti-thyroid potency 
of the compounds was not directly related to their ability to impart resistance 
to the lethal action, only compounds reported to have anti-thyroid activity 
possessed this property. The presence of a full or partial thiourea group seems to 
be important but not essential for the development of resistance. The develop- 
ment of resistance, however, is not dependent on the thyroid gland since it was 
foimd to occur readily after suitable treatment of thyroidectomized rats. 

S elye has described the adaptation of animals to specific toxins by a reaction 
which involves an increased activity of the adrenal cortex (12). Adapted animals 
can resist large doses of the specific toxic compound with which they have been 
treated, but are more sensitive to other toxins. During this reaction there is an 
associated adrenal hypertrophy. Such a mechanism would not seem related to 
the resistance described for thiourea-like substances since this resistant state is 
not specific for any individual compound but applies to many related sub- 
stances. Furthermore, it is not related to the toxicity of the compound and ani- 
mals treated with anti-thyroid substances tend to show an atrophy rather than 
hypertrophy of the adrenal glands. 

It seemed possible that the resistant animal might have developed an ability 
to detoxify compounds which were usually lethal. Excretion studies, however. 
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indicated that appreciable amounts of phcnylthiourca were excreted in the 
urine of resistant rats after administration of a largo dose. Tlic injections of such 
urine was toxic to normal animals. These results indicate that resistant rats do 
not entirely detoxify phcnylthiourca and their resistance must therefore be ex- 
plained by some other mechanism. 

The species variation in the toxicity of the various compounds was striking 
and no obvious explanation for this phenomenon was found. It is of interest that 
crgothioncinc, a thiourea-like substance, has been isolated from red blood cor- 
puscles (13), but the amounts of this substance present in the blood of different 
species cannot be correlated to their susceptibility to ANTU (14). Although 
herbivorous animals appear less affected by most substances, the high suscepti- 
bility of tlie rabbit to thiolhjinino is an exception. Furthermore, in this ease the 
guinea pig, altliough eating the same diet as the rabbit, is relatively resistant. 
The relationship of diet to protection against thiourea compounds will be de- 
scribed in a subsequent paper. 

BOMMAny 

1. The ability of thiourea-like substances to confer protection against the 
highly toxic members of this series, was found to be unrelated to tlic acute tox- 
icity, or anti-thjToid activity of the compound. 

2. Tlic rat which is made resistant apparently has the ability to resist the lung 
edema and pleural effusion which is found in untreated animals killed by lethal 
doses of toxic thioureas. Such resistance is developed only to drugs of this typo 
since no protection against irritant gases such as phosgene or hydrogen sulphide 
was detected. 

3. Tlic th>Toidcctomizcd rat may be made resistant as readily as the intact 
animal. 

4. Following the administration of a large dose, phcnylthiourca is c.xcretcd in 
tlic urine by the resistant rat in quantities toxic to normal animals. 

Ackkouxcdgment. Tliis work has been supported by a grant from the Na- 
tional Research Council, Ottawa, Canada. The authors wish to thank Dr. J. B. 
Collip for his interest in the problem. 
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During the course of routine screening of compounds for antimalarial activity 
against Plasmodium, gallinaceum in the chick, a group of synthetic pterins were 
tested. Daniel et al. (1) had shown that certain diaminopterins inhibited the 
grotvth of Streptococcus faecalis and Lactobacillus casei which require preformed 
pteroylglutamic acid, and L. arabinosus which sjmthesizes its onn. These inves- 
tigators (2) found that 2-amino-4-hydroxy pterins inhibited groniih and hemo- 
globin formation in chicks. Dr. G. K. Cain, whose group S 5 mthesized these pterins 
(3, 4), supplied us Avith the folowing compounds: 

DR 15,789 2,4-Diamino-6,7-dimethylpyrimido (4,5-b) pyrazine 
DR 15,790 2,4-Diamino-6,7-dicarboxypyrimido (4,5-b) pyrazine 
DR 15,791 2,4-Diamino-6,7-diphenyIpjTimido (4,5-d) pyrazine 
DR 15,793 2-Amino-4-hydroxy-6,7-dimethylpj'rimido (4,5-b) pyrazine 
DR 15,792 2-Amino-4-hydroxy-6,7-diphenylpyrimido (4,5-b) pyrazine 
DR 15,794 2,4-Diamino-6,7-bis (p-ammophenyl)-pyrimido (4,5-b) pyrazine 

' Methods. Test for antimalarial activity. The methods employed have been previously 
described (5). llVeek-old New Hampshire red chicks, weighing between 42 and 52 gm., were 
used throughout. The chicks were inoculated intravenously with 16 X 10® erythrocytes 
parasitized with Plasmodium gallinaceum. Treatment was begun four to five hours before 
the inoculation of parasites and continued twice daily for four days. The drugs were ad- 
ministered orally in gelatin capsules. On the morning following the last dose of drug, para- 
sitemia was determined as the number of parasitized erythrocytes per 10* erythrocytes. 
The minimum effective dose of drug was that amount which caused a 76 per cent reduction 
in mean parasitemia in the five treated chicks as compared with the ten untreated con- 
trols. 

Toxicity in the chick. The subacute to-vicity of the compounds was determined by Dr. 
Nathan B. Eddy, to whom thanks are extended. The chicks were treated in the same man- 
ner as in the therapeutic tests. The maximum tolerated dose was the largest dose which 
allowed any gain in weight. 

Experimental. In table 1 are given the toxicity for the chick and the anti- 
malarial activity of each of the compounds tested. Only one compoimd, DR 
15,791, the 2,4-diamino-6,7-(hphenyl pterin, showed any antimalarial activity 
at doses tolerated by the chick. 

Since these compounds were reported to be antagonists of pteroylglutamic 
acid (1) the effect of this metabolite on the antimalarial activity of DR 15,791 
was studied. The chicks were maintained on a stock diet of commercial chick 
mash (Purina Startena), the pteroylglutamic acid content of which was not 
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kno^^’n to us. Synthetic pteroylglutnmic acid was administered in the same man- 
ner as the pterin, twice daily in gelatin capsules. Results of one such experiment 
arc shown in table 2. 'Wlicn ptcroylglutamic acid was administered at the rate of 
0,02 mgm./gm. twice daily (approximately 2 mgm. per chick per day) there was 
a significant but not complete reversal of antimalarial activity of the pterin 
while the inliibition resulting from ptcroylglutamic acid at 0.2 mgm./gm. twice 
daily (20 mgm. per chick per day) was slightly greater. In earlier experiments 

TABLE I 


Tht «ri&aci4/c toxicitu Jor thichi and the activity of certain synthetic pienna against 
Plasmodium gaUinaeeum 


roMrouKT> 

UAxiutni TotxxATzx> sosr. 
UCU./CU. mex DAnT 

TOl 4 BAYS* 

uTNiuvu trmrivT bosi rot 
AS’TIUAIAItAt ACTIN-m 
UCU./CU. TWICE DAar 
rot 4 DAYSt 

Dll 15,703 

0.3 

>0.3 

DU 15,701 

0.25 

0.016 

DR 15,790 

>0.5 

>0.5 

DU 15,792 

0.4 

>0.4 

DU 15,794 

>0.6 

>0.5 

DU 10,780 

0.05 

>0.05 


• Greatest amount which 3 chicks survived with a final weight (on the morning after 
the lost dose) at least equal to the starting weight. 

t Lowest dose which caused a 75 per cent reduction in mean parasitemia in 5 treated 
chicks as compared with 10 untreated controls. 


TABLE 2 


The inhibition of the antimalarial aetivily of diamino, diphenyl pterin by ptcroylglutamic 
acid against Plasmodium gallinaceum in the chick 


i 

BOSAOE or rrxxix »cu/cu. b.i.d. 

DOSAGE or rrEioYiciirrAUTC ' 

ACID UOU./CU. b i d. 

4ni DAY rATAsrrE count 
(PAXAsmSED EtmnOCTTES/lO* 
EXimtOCYTES) 

Untreated 


7330 

0.02 1 


339 

0.02* ! 

0.02 

2810 

0.02 

0.2 

5030 


• 10 chicks used in this group. 


it had been found that pteroyJglutamic acid at 0.002 mgm./gm. caused no sig- 
nificant reversal of the antimalarial activity of DR 15,791. 

Daniel and Norris (G) have sliotvTi that the synthetic pterins potentiated the 
activity of sulfonamides against bacteria which synthesize their own pteroyl- 
glutamic acid. "WTien DR 15,791 was administered at one-fourth minimum effec- 
tive dose (0.0039 mgm./gm.) it required about one-sixteenth the minimum ef- 
fective dose of sulfadiazine to obtain an antimalarial response (table 3). When 
the pterin was administered at one-half minimum effective dose, it required less 
than one thirty-second the minimum effective dose of sulfadiazine to produce 
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antimalarial activity. As seen in table 4, DR 15,739 and 15,794, but Hot DR 
15,790, were able, at maximum tolerated doses, to be activated by sub-effective 
doses of sulfadiazine. 

Discussion. Of six synthetic pterins studied only one, 2,4-diamino-6,7-di- 
phenyl pterin (DR 15,791) had any antimalarial activity in doses which were toler- 
ated by the chick though the 6,7-dimethyl and dianiline analogues were active 
when administered with sub-effective doses of sulfadiazine. The antimalarial 
activity of DR 15,791 was of about the same order as quinine when tested against 


TABLE 3 

The ‘potentiation of the antimalarial activity of diamino, diphenyl pterin by sulfadiazine 
against Plasmodium gallinaceum in the chick 


im OAV PASASIIEMA (PAKASITIJED ESTOntOCYTES/lO' EROTHEOCYTES) 
DOSAGE or PTERIN UGSr./Olf. DOSAGE OF SDIFADIAZINE (MOM./GU. TWICE DAILY FOR 4 DAYS)* 

TWICE DAILY FOR 4 DAYS 



None 

O.OOOM 

0,001875 

0.00375 

0.0075 

O.OIS 

0.03 

None 

7570 


m 


6560 

3834 

750 

0.0039 

7580 

2876 


25 

93 

7 


0.0078 

5640 

363 


2 

4 

2 


0.0156 

1280 


■1 






* Bold-faced type indicates mean parasite counts which are at least 75 per cent below 
the mean parasite count of the corresponding untreated controls. 


TABLE 4 


The potentiation of the antimalarial activity of 8,4-diamino pterins by sulfadiazine 


DOSAGE OF PTERIN IIOU./GM. TWICE 
DAILY FOE 4 DAYS 


4th day PARASITEMIA (PARASITItEO EEYTBEOCYTES/10< 
ERYTHROCYTES) DOSAGE OF SOLFADIAZ1 Ne(UOM./GM. TWICE 
DAILY FOR 4 DAYS)* 


1 

None 

j 0.0019 

j 0.0038 

0,0075 

0.015 

0.03 

None 

7270 



4780 

1852 

184 

DR 15,790-0.5 

7360 

6420 

i 6240 

4520 



DR 15,789-0.05 

6S00 

3452 

1636 

92 



DR 15,794-0.5 

7220 

3310 

3360 

1066 




* Bold-faced type indicates mean parasite counts which are at least 75 per cent below 
the mean parasite count of the corresponding untreated controls. 


P, gallinaceum (5). Since most of the important antimalarials are many times 
more active than quinine, against P. gallinaceum, this synthetic pterin is not 
particularly promising for the therapy of human malaria. 

However, the compound behaves in many ways identically with chlorguanide 
(Paludrine), a widely used antimalarial. Chlorguanide has been found to poten- 
tiate sulfadiazine in its activity against P. gallinaceum to approximately the 
same degree as the diamino, diphenyl pterin (7). Furthermore, chlorguanide 
activity is significantly but incompletely inhibited by approximately the same 
amounts of pteroylglutamic acid as are required to inhibit the pterin (8). None 
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of the antimnlarial compounds tested other than chlorguanide, p-aminobcnzoic 
acid competitor and the diamino, diphenyl pterin, can be inhibited by pter- 
oylglutamic acid. Furthermore, other commonly used antimalarials, such ns 
quinine, chloroquinc, or pamaquin, have been found unable to potentiate sul- 
fadiazine (9). The resemblance in behavior between chlorguanide and the 
diamino, diphenyl pterin is, therefore, striking and we have concluded that the 
mode of action of the two drugs is similar. 

In comparing the structural formulae of the pterin and chlorguanide it will 
be noted that both compounds contain a higuanido configuration, wdiich in the 
pterin is condensed into a ring. Hawking and Pony (10) have shown that chlor- 
guanidc is inactive in vitro against cxocrythrocj'tic forms of P. gallinaccum. 
Passage of the drug through the chick or incubating it with chick liver appar- 
ently converts chlorguanide to a substance which has anlimalarial activity. Pre- 
liminary results indicate that the pterin is not active in vitro against erythrocytic 
parasites. It Ls possible that botli these compounds are changed in the bodj" to 
produce similar moieties with antimalnrial activity. 

eUMMAHY 

A series of sl\ pterins were tested for antimalarial activity against Plasmodium 
gaUinaccujji in the cliick. Of these only one, the 2,4-diammo-C,7-diphcnylpy- 
rimido (4,5-b) p>Tazino (DR 15,791), was able to suppress parasitemia at doses 
tolerated by the chick. The antimalarial acti\ity of DR 15,791 w’as about the 
same as that of quinine. It was markedly potentiated by sulfadiazine in its ac- 
tivity against P. gallinaccum and it was significantly, but not completely, in- 
hibited by ptcroylglutamic acic in vivo. In these respects and in the fact that it 
contains a biguanide linkage, it resembles the antimalarial chlorguanide (Palu- 
drine). Tlie G,7-dimcthyI and dianilinc, but not the G,7-dicarbox}dic acid, ana- 
logues of DR 15,791 were active as antimalarials when administered with sub-ef- 
fective doses of sulfadiazine. 


REFERENCES 

1. Daniel, L. J., Nonnis, L. C., Scott, M. L., and IIeober, G. F.; J. Biol. Cliem., 1B9: 

GSO, 1W7. 

2. Daniel, L. J., Scott, M. L., Nonius, L. C., and Heuber, G. F.: J. Biol. Chem., 173; 

123, 1048. 

3. Cain, C. K., Mallette, M. F., and Tatlor, E. C., Jr.: J. Am. Chem. Soc., 68; 1996, 

1946. 

4. Mallette, M. F., Taylor, E. C., Jn., and Cain, C. K.; J. Am. Chem. Soc., 69: 1814, 

1947. 

5. CoATNEY, G. R., AND Sebrell, W. H., in WiBELOQLE, F. Y.; A Survey of Antimalarial 

Drugs, 1941-1945. J. W. Edwards, Ann Arbor, Michigan, 1940. 

6. Daniel, L. J., and Norris, L. C.; J. Biol. Chem., 170; 747, 1947. 

7. Greenbero, j., Boyd, B. L., and Josepiison, E. S.: Tins Journal, 94; 60, 1948. 

8. Greenberg, J.: Proc. Soc. Exper. Biol, and Med., 71: 300, 1949. 

9. Greenberg, J.: unpublished. 

10. Hawking, F., and Perry, W. L. M.: Brit. J. Pharm., 3 : 320, 1948. 



THE MECHANISM OF TOLERANCE TO THIOPENTAL IN MICE 

THEODORE F. HUBBARD» and LEO R. GOLDBAUM 

Department 0 / Basic Science and Department of Chemistry and Physics, Army Medical 
Department Research and Graduate School, Washington 12, D. C. 

Received for publication September 23, 1949 

Numerous studies on the development of tolerance to barbiturates have been 
reported. In only two of these studies was any attempt made to study the 
mechanism involved. Masuda, Budde, and Dille (1) observed a slightly in- 
creased rate of disappearance of Amytal from the blood, muscle, and liver, of 
tolerant animals. Green and Koppanyi (2) found no difference between the 
rates of excretion of barbital in tolerant and control animals and concluded 
that the tolerance was probably due to “cellular or histogenic phenomena.” 
The development by Goldbaum (3,4) of a sensitive method for the determination 
of barbiturates in biological materials makes possible the reinvestigation of this 
problem. 

ExpEBiMENTAii. Effect of fourteen daily thiopental injections on sleeping time and tissue 
barbiturate levels at awakening. The criteria of ■wakefulness used were those described by 
Winter (5). The animals were classified as "awake” on the basis of the following criteria — 
ability to walk in normal fashion, eyes -wide open, fur not erect, nose and vibrissae in 
characteristic motion, and efforts to escape when picked up. Sixty male mice weighing 
25 to 27 gm. were randomized into two equal groups. On the first day of the experiment 
each animal was given thiopental, 50 mgm./kgm. i.p. and its sleeping time observed. There- 
after the experimental group was given 50 mgm./kgm. of thiopental i.p. in 0.2 co. of solu- 
tion daily for thirteen days, while the control group received 0.2 cc. of saline i.p. On the 
fourteenth day of the experiment both groups of animals were given thiopental 50 mgm./ 
kgm. and their sleeping times again recorded. As the animals awakened they were bled by 
decapitation and placed in groups of five in order of time of awakening. Equal samples of 
blood, brain, liver and kidney from each animal in the group were pooled to make com- 
posite samples of each tissue. The thiopental concentrations in each of these tissues and 
the remaining carcass were determined. The concentration of thiopental in the total body 
was calculated from the amount of barbiturate in the carcass plus the amount in the blood 
and tissues removed. 

Effect of seven daily thiopental injections on sleeping time and tissue barbiturate levels at 
awakening. A similar experiment was carried out ■without a preliminary determination of 
sleeping time to avoid giving thiopental to the control group. Fifteen experimental mice 
received daily i.p. injections of thiopental 50 mgm./kgm. and the control mice received 
daily saline injections for six days. On the seventh day both groups were given thiopental 
50 mgm./kgm. and the sleeping times recorded. At awakening, the animals were sacrificed 
for analysis as described above. 

Daily changes in sleeping time and tissue levels of thiopental at awakening. Fifty male 
mice weighing 19 to 20 gm. were randomized into ten groups of five. The mice in each of the 
groups were given a daily intraperitoneal injection of thiopental 50 mgm./kgm., and their 
sleeping times recorded. On each day of the experiment, the mice in one randomly selected 
group of animals were bled and sacrificed on awakening, and the plasma and tissue barbi- 
turate concentrations determined as above. Thus, the animal sacrificed on day 1 received 


•Present address: Mayo Clinic, Rochester, Minnesota. 
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only one injection of barbiturate; thoso sacrificed on day 5 received five injections; and 
80 on to the tenth day. Tho mean Bleeping timo of each group on the first day of the experi- 
ment served as the control sleeping time for that particular group; the sleeping times on 
subsequent dajTi were expressed ns per cent of initial sleeping time. 


TABLE 1 

Comparison of sleeping limes and tissue Incta at awakening in SO mice receiving daily i.p. 
injections of thiopental SO mgm./kgm, with those of SO saline-injeclcd controls 


Rixtrmo Ttut 

cownoL 

cxre■lux^rrAL 

sicNin- 

CAVCE 

LEVrt 


Geometric mean d: S E. 

Ceoroetne mean d: S.E. 

p - 

Original 



<.005 


TiMcx imis or rwiovttrtAi. 

AT AWAttXIKO 

itiAS ± S.D. 

U£AN ± S.D. 



IS ± 0.9 /igm./gm. 

23. -1 d: 1 .C /igm./gm. 
5^1.0 tb 0.5 /igm./gm. 

21 .0 :fc 3.3 Mgm./cc. 

,030 ± .006 mgm./gin. 

21 .4 ± 2.7 /igm./gm. 

30.5 ± 3.1 pgm./gm. 
81.3 ± 12.2 pgm./gm. 

29.5 ± 1 .62 pgm./cc. 
.010 d; .006 mgm./gm. 

< .05 


<.001 


<.01 


<.02 


<.05 



TABI.E 2 


Comparison of sleeping times and tissue levels at awalening in IS mice receiving 7 daily i.p, 
injections of thiopental SO mgm./kgm, with those of IS satine-injeeted controls 


SleerioS 

eOVTtOL 

CXrcaiUXKTAL 

sicKtn- 

CAK7X 

tX\1l 

Ceometne mean ± S.E. 


P - 

41 ± 6 min. j 


<.oos 

Tissue levels of thiopenul 
at iwakeoing 

.Mean i; S.D. 

Mean ± S.D. 



10.2 d: I.O|igm./gm. 

20.7 d= .65 pgra./gm. 

' <.01 

ml 

38. 9 ± 11.2 /igro./gm. 

43.9 d: 11.2 pgm./gm. 

>.10 


49.2 d: 3.1 #»gni./gm. 

73.4 d: 8,2 pgm./gm. 

<.02 

Plasma ... ... 

22.6 d; .6 /igm./cc. 

2S.0 d: 1.6 pgm./cc. 

.02 

Total Body . 

.032 d: .005 mgm./gm. 

.013 dr .008 mgm./gm. 

: >.10 


Results and discussion. As sliowii in table 1, there was a significant reduc- 
tion of sleeping time in tho animals receiving a daily dose of thiopental as com- 
pared with the saline-injected controls at the end of fourteen days. The exper- 
imental animals awakened at significantly higher tissue levels than did the 
controls. Tlio results of the seven-day study are shown in table 2. They are essen- 
tially the same as those obtained in the fourteen-day study. The differences be- 
tween control and experimental thiopental concentrations in kidney and total 
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body, although of the same magnitude as those in the first experiment, were not 
statistically significant. This may have been due to the smaller number of 
animals and tissue analyses (fifteen control and fifteen experimental animals 
which permitted only six barbiturate determinations on each tissue). 

The daily changes in sleeping time and thiopental tissue levels at awakening 
are shown in figure 1. The mean sleeping times diminished progressively to the 
fifth day after which there was no further significant regression. The levels of 
thiopental in the tissues and in the total body at awakening showed a progres- 



Fig. 1. The relation between number of days injected with sleeping time and awakening 
thiopental tissue levels in mice receiving daily i.p. injections of thiopental 60 mgm./kgm. 


TABLE 3 


The correlation coefficients between tissue levels of thiopental at awakening and per cent reduc- 
tion of sleeping time 


1 

1 

TISStJE 


PLASUA 

KTOKEY 1 

IIVER 

TOTAi. BODY 

Coefficient of correlation 
± S.E 

.88 ± .33 
<•001 

.92 ± .33 

1 <.001 

.82 ± .33 
<.01 

.84 ± .33 
.001 

.80 ± .33 
<.01 

P 



sive increase to the fifth day with no significant change with further daily in- 
jections. Thus as the animals’ tissue levels at awakening increased, their sleeping 
times diminished accordingly. In table 3 are shown the coefficients of correla- 
tion between tissue levels at awakening and per cent reduction of sleeping time. 
These correlations are statistically significant. 

The results of these experiments indicate that mice develop a tolerance to 
thiopental, and with the dose used the tolerance is maximal in five to six days. 
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The higher total body levels in the adapted animal rules out the possibility of 
an increased rate of destruction or excretion. The tolerance mechanism appears 
to bo an adaptation to higher thiopental tissue levels. 

BUM.MAnV 

1. Mice develop a tolerance to the daily administration of 50 mgm./kgm. of 
thiopental. This tolerance is ma.ximal in five to six days and amounts to a 
decrease in sleeping time of about 60 per cent. 

2. The tolerant animals awaken at higher tissue levels than controls. The 
degree of tolcnance as determined by per cent reduction in sleeping time is sig- 
nificantly correlated with the tissue levels at awakening. 

3. The tolerance mechanism appears to bo one of adaptation to higher thio- 
pental tissue levels and not to cither an increased rate of c.xcretion or destruction 
of thiopental. 
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Despite the considerable increase in the clinical use of antihistaminics and also 
the chemical similarity they bear to certain cardiotoxic or antifibrillatory com- 
pounds such as procaine, a survey of the literature reveals that scant attention 
has been paid to the direct or indirect action of these drugs on the heart. Pyr- 
anisamine (Neoantergan) has been reported to exert a quinidine-like action on 
isolated auricular tissue from rabbits (1). In normal persons, McGavack, Elias 
and Boyd (2) found that diphenhydramine (Benadryl) administered orally in 
maximal therapeutic doses for several weeks, seldom lowered systolic blood 
pressure and did not produce detectable alterations in the heart. Winder and 
Thomas (3), experimenting on dogs, found no gross change in rhythm primarily 
attributable to the latter compound. On the isolated rabbit heart, they noted 
that Benadryl produced a slight to moderate decrease in the amplitude of sys- 
tolic contraction. Scudi and Reinhard (4) studied the action of thonzylamine 
(Neohetramine). They attributed its hypotensive effect on the cat to cardiac 
dilatation, and also noted a diminished systolic contraction of both the frog’s 
and turtle’s heart. 

Criep and Aaron (5) mention T wave changes in their investigation of patients 
with heart disease treated with phenindamine (Thephorin). MackmuU (6), 
stud3dng patients receiving Benadryl intravenously, reported changes in the 
amplitude of the QRS, T, and P waves; the P-R interval was prolonged in one 
case after 300 mgm. The effects were ascribed to a direct action on the myo- 
cardium. 

More extensive studies have been performed on the effects of antihistaminic 
drugs on blood pressure and respiration. They are well reviewed by Loew (7) and 
Haley (8). 

Methods. In the present study, the effects of some antihistaminic drugs on the mam- 
malian heart were investigated using the cat as experimental animal and noting particu- 
larly changes in the electrocardiogram derived from the three standard leads. Blood pres- 
sure (mercury manometer) and respiration (pneumatic bag around the chest) were also 
recorded simultaneously for supplementary information. The following compounds® were 


® Visiting Professor from Institute de Investagacion Medica, Cordoba, Argentina. 

® Chemical names in the order listed are as follows: 2-(N-benzyl-N-phcnyl-aminomethyl) 
imidazoline hydrochloride (Antistine Hydrochloride) ; j3-Dimethylaminoethyl benzhydryl 
ether hydrochloride (Benadryl Hydrochloride); N,N-Dimethyl-N'-(a pyridyl) ethylene 
diamine monobydrochloride (Pyribenzamine Hydrochloride); N,N-Dimethyl-N'-(a-p 3 Hi- 
dyl)-N'-(a-thenyl)-ethylenediamine hydrochloride (Thenylene Hydrochloride); 2-Methyl- 
9-phenyl-2,3,4,9-tetrahydro-l-pyridindene hydrogen tartrate (Thephorin). 
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tested*: phcnazolitic (Antistine Hydrochloride); diphenhydramine (Benadryl Hydrochlo- 
ride); tripelennamino (Pyribenrnmino Hydroehloride) ; mothapyriieno (Thenyleno Hydro- 
elilorido) ; phenindamino (Tliephorin). 

The drui;3, one per cat, were adminiatored intravenously in concentrations of 4-5 mgm./ 
cc. at 15-minutc intervals in gradually inereasing doses until the lethal dose was reached. 
Five to eight cats per drug were used. They were anesthesized with “Dial" 0.7 cc. per 
kgm. intraperitoneally. 

The results are summarirod in table 1. They cxliibit a definite consistency, not 
only in the individual cx-pcriinenta with a single drug, but also in the groups of 
axperiments rvitb different compounds. Therefore, wo may discuss the effects of 
the drugs generally rather than speeifically. One mgm./kgm. of any one of the 
drugs produced practically no respiratorj' or ECG change and only slight hy- 
potension followed by a small but prolonged rise (Cg. 1, A and B; fig. 2, A, B 
and C). The 4 and S mgm./kgm. doses uniformly produced transient arterial 
hypotension, a brief period of apnea followed by a short interval of tachypnea, 
and a considorablo dccre.iso in heart rate (fig. 1, A and B). Tlie magnitude of the 
effects was well correlated with the dose. The clumges were always reversible 
after the 4 mgm./kgm. dose, and usually after the 8 mgm./kgm. dose also 
axcept for two fatalities out of 29 cats tested, produced by the latter dose, one 
with Antistine, and the other with Benadryl. Tlio period required for recovery of 
the blood pressure was generally less than Ij minutes (fig. 1, A) but occasionally 
the effects were more prolonged (Cg. 1, C and D). 

Tlie electrocardiogram showed significant changes after both the 4 and 8 
mgm./kgm. doses, the effects of the latter being similar but more marked. The 
most important electrocardiographic changes observed were an increase of the 
P-R interval and a widening of the QRS complex. These effects were consistent 
after the 4 mgm./kgm. doses but with the number of o.\pcriments involved the 
differences were not large enough to be statistically significant until after the 8 
mgm./kgm. injections. Tlie largest increases of both the P-R and QRS intervals 
were produced by Tliephorin ; Thenylene, Antistine, Pyribensamine and Benadryd 
came next in decreasing order (figs. 2 and 3). As illustrated in the figures, the 
ventricular complexes, especially after the 8 mgm./kgm. dose, often showed the 
bundle branch block configuration (fig. 2, Column F; fig. 3, bottom row). 

Another very consistent electrocardiographic change produced by the 4 and 8 
mgm./kgm. doses was a decreased amplitude of the R wave with a concomitant 
increase of the amplitude of the S wave in leads II and III (figs. 2 and 3). This 
result was statistically significant for all the drugs after the 8 mgm./kgm. dose. 
Variable effects were always noted on the T wave also but there was no con- 
sistency, either for the specific drugs or for the group ns a whole. In some cases 
where it could be determined, the Q-T inten'al was found to increase under the 
influence of the antihistaminic agents tested. 

The reviewed changes were well correlated with the dose injected and were 

* The drugs were supplied through the courtesy of the following : Antistine end Pyriben- 
zamine from Clha Pharmaceutical Products, Inc., Benadr}-! from Parke, Davis & Co., 
Tlienyletle from Abbott Laboratories and Thephorin from Hoffmann La Boche, Inc. 
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Numerals in parentheses following drug names indicate number of cat experiments for each drug. 
Figures indicate averages and their standard error. 
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flocling ill luiluro. Always after (he 4 mgm./kpin. duso and also after (he 8 ingm./ 
kgm. (lose witli only two exccjitions (previously mentioned), the eleetroeardio- 
grams recorded fifteen minutes after the injection appeared ^’ery much tlie same 
as the controls recorded before injection (fig. 2, Col. G). Fig. 2, row 2, Column G, 






Fio. 1. Typical hlnod prcsaiiro and respiratory changes witli 1, *1 and S mgm /kgm of 
Thephorin (A) and Antislinc (ft, C, and D). 



Fig. 2. 1, Pyribcnzaminc; 2, Antistinc; 3, Thepliorin; -I, Benadryl; 5, Tliciiyleno. A, 
Normal; B, Maximum cITect after 1 mgm./kgm. injection; C, recovery; D, aftei t mgm./ 
kgm.; E, recovery; F, after S mgm./kgm.j G, recovery. 


illustrates one of the exceptions, the fatality produced by the 8 mgrn./kgm. dose 
of .fVntistinc. A rather peculiar effect of Antistinc, especially following the 4 mgm./ 
kgm. dose, was to produce nodal rhythm, considerably slower tiian the previous 
S-A rhythm. 
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Be 3 Dnd the 8 mgm./kgm. dose, the toxic effects of the drags were veiy pro- 
nounced, and included marked hj’^potension, prolonged apnea, occasionally fol- 
lowed by Cheyne-Stokes respiration (fig. 6) and severe bradycardia. Death gen- 



Fig. 3. Average maximum effects of 1, 4 and 8 mgm./kgm. doses in descending order, 
the top row representing normals. A, Benadryl; B, Pyribenzamine; C, Thenylene; D, The- 
phorin; E, Antistine. 



Fig. 4. A, Normal ECG; B, after 2nd dose (5 mgm./kgm.) of Antistine; C, recovery 
D, after 4th dose (10 mgm./kgm.); E, recovery; F, after 5th dose (15 mgm./kgm.); G, one 
minute after F; H, Terminal, about 3^ to 4 minutes after F; I, Normal ECG; J, after 8 
mgm./kgm. dose of Benadr}’!; K, few minutes later showing partial recovery from drug 
effects but anoxia; L, Terminal. 


610 % resulted from doses ranging between 12 and 20 mgm./kgm. of anj’’ of the 
substances tested. The electrocardiographic changes following these highlj" toxic 
injections indicated profound changes in the properties of the heart muscle and 
conducting tissue (fig. 4 and 5). 

Severe degrees of partial A-V block were common; there were occasional in- 
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j^tanoos of complete A-V block, sometimes with pcrinaiiciifc ventricular stand- 
still; there were abo examples of marked intravenlricular conduction defects, 
coupled beats, and nodal rhythm, isolated premature contractions were never 
seen. On some occasions depressed S-T segments typical of anoxia were observed 
coincidentally with cessation of respimtion (fig. •!, K iind L). 

Death following lethal doses of the nntihistaminics tested was due either to 
respiratory paralysis, to circulatory failure or to a combination of both. No con- 



Frn. G. A .‘ind B, Chcyiie-Slokcs respiration pnatuced by 10 mpm./kf;m. of Thephorin 
.showing relalionshij) of mninlenancc of blooit pressure with respiration; C, another e.\- 
amj>le of Clieyne-Stoko.s «ith Thepliorin .al -I nigm /kpm.; D, effects of epinephrine after 
artificial respiration failed following 10 njgm./kKm. dose of Thcnylcne; E, 20 mgm./kgm. 
were fatal and cpincjdirinc liad no effect. 

sibtent trend could be elicited fiom the data in this regard with any of the tested 
drugs. 

Discussion. Most of the nntihistaminics pos.scss the trialkylamino group which 
is in common with other drugs having local anesthetic, anti-allergic and quini- 
dine-likc properties. These investigations confirm the suspected cardiac effects 
of the antihistaminics tested, which consisted principally of a depressant action 
on conduction. 

It must be kept in mind that the drugs were administered intravenously and 
in much larger doses than in common clinical usage. However, in view of pre- 
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looiis findings already quoted, together ivith the results of these experiments, 
one might suggest some caution at least in administering large doses of anti- 
histaminics to patients who also suffer from heart disease. 

SUMMARY 

To ascertain their effects on blood pressure, electrocardiogram, and respira- 
tion, the following drugs were intravenously administered to cats anesthetized 
with intraperitoneal Dial; Antistine, Benadryl, Pyribenzamine, Thenylene and 
Thephorin. 

With 1 mgm./kgra. of any one of the drugs, there was practicall}’^ no respira- 
tory or EGG change and only a slight h 3 '-potension followed occasionally by a 
small but prolonged rise. The 4 and 8 mgm./kgm. doses produced reversible dim- 
inutions of blood pressure, and apnea for a few seconds followed bj'^ brief tachyp- 
nea. The electrocardiograms showed auriculo-ventricular block of the 1st degree, 
intraventricular block, slowing of the rate and changes in electrical axis. The 
effects were well correlated with the dose. 

After the 8 mgm./kgm. dose, results included marked hypotension, various 
arrhythmias, and exaggeration of the previous EGG and respiratory effects. 
Death was due either to respiratory paralj'sis, cardiac failure, or both. The anti- 
histaminics tested haA'e consistent cardiac and respiratory depressant effects 
when given i^tra^"enouslJ'■ to cats in the doses mentioned. 

The authors are indebted to Mrs. George B. Ray for her assistance in the prep- 
aration of the illustrations. 
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Studies on the nature of (ho muscular wcaicncss of botulism have all shown 
that an important part of the effect of Botulinus toxin is due to its action on the 
peripheral parts of the ncuro-muscular g>'stcm. Edmunds and Long (1) and 
Bishop and Bronfenbrenner (2) found that the muscle of animals paralyzed by the 
toxin would respond to direct stimulation but not to stimulation of the motor 
ncr\'e. Tlie latter investigators also showed, by a study of action potentials of 
nerve, that conduction in nerve trunks is unimpaired. The conclusion has there- 
fore been reached, on the basis of these and other experiments, that the peripheral 
effect of the toxin is an impairment of neuro-muscular conduction similar to that 
produced by curare. More recently, reports by Torda and Wolff (3) and by 
Guyton and McDonald (4) have indicated that an important feature of the 
paraij'sis resulting from Botulinus toxin is a failure of production of acetyl- 
choline from nen’ous tissue, and that botulism is by no means identical vdth 
curari Ration. 

Tho action of curare on ncuro^muscular conduction is well-known and can 
readily be identified by a study of the action potentials of muscle. Brown (5) 
has described the characteristic effect as a rapid decline in the size of the muscle 
potential during repetitive stimulation of tho motor nerv'C. Even a single stim- 
ulus is followed by a depression of ncuro-muscular transmission which reduces 
the size of a second response for as long ns 0.8 second. 

Since muscle action potentials will disclose minor degrees of curnrization, we 
have used this method of studi'ing the action of Botulinus toxin and have ob- 
scr\'e(l the effect of nnti-curarizing agents upon the ncuro-muscular failure. 

Method. The initinl experimenta were performed on guinea pigs, os these animals are 
particularly susceptible to tho effect of Botulinus toxin. Wlicn the toxin was injected sub- 
cutaneously or intraperiloncally in doses from one-half to ono MLD, sjTnptoms usually 
appeared in from two to four dajTS. Tho first sign nxis often a change in behavior. In some 
instances, the animal appeared hjTJer-Irritable and would rush wildly about the cage if 
disturbed. lAoter, it usually bec.amo quiet and drowsy. Respiratory symptoms developed 
early and consisted of slow, labored breathing with prolonged c.xplration. Shortly after 
this, the animal became weak. Tho weakness developed first in the hind legs, which seemed 
to drag as tho animal tried to run. Later, weakness was so severe that all movements were 
embarrassed. In severely affected animals, there was frequently obscrx'ed a One twitching 
of tho whiskers, sugge-sting irritative phenomena ns well as paralytic ones. Several animals 
were lost because of the short period between the onset of weakness in the legs and death. 

For this reason, e.xperiments were usually started before severe respiratory embarass- 
ment had occurred. The animals were sedated with small divided doses of sodium pento- 
barbital because they tolerated sedation less well than tho normal animal. An intravenous 
cannula was inserted to permit intravenous injection, and all medication was given by 
this route. 
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The tendon of the anterior tibial muscle was dissected free below the transverse tarsal 
ligament, and then released at its distal end by removing a small wedge of bone from around 
the point of insertion. The foot was amputated, permitting the tendon to be led straight 
down from the muscle without interference from surrounding tissue. The leg was then 
fixed firmly in a myograph clamp by passing a small drill through the head of the femur 
and one through the malleoli. The distal end of the tendon was fastened rigidly by a clamp. 
A pair of chlorided silver stimulating electrodes were applied to the sciatic nerve, and the 
action potentials of the anterior tibial muscle were recorded through chlorided silver 
needles thrust into the belly and the tendon of the muscle. The belly lead was grounded. 
Stimulation was by means of a thyratron stimulator capable of frequencies up to 90/seo. 
Supramaximal stimuli were used throughout. Potentials were amplified by a condenser 
coupled amplifier, with time constant 1.0 sec., and recorded from a Matthews oscillograph. 

Muscle action potentials were studied at different stages of muscular weakness in a 
total of 24 animals. Seven normal animals were also examined to provide a control and to 
test the actions of various drugs. 

In a later series of animals it was possible to avoid the systemic effects and the respira- 
tory paralysis by inducing a “local botulism’’ by intramuscular injection of Botulinus 
toxin. One-tenth to one-twentieth of the minimum lethal dose of toxin injected into the 
anterior tibial muscle of one leg of cats or guinea pigs produced weakness in four to six 
days which was confined to that leg. The opposite leg was unaffected and served in these 
experiments as a control.’ 

REStiDTS. When a normal animal is studied by this technique, a simple di- 
phasic action potential of from six to twelve millivolts is recorded. When a train 
of stimuli is applied, the size of the action potentials is well maintained at rates 
below a frequency of 40 per second. Depending upon the condition of the ani- 
mal, when the frequency of stimulation reaches 40 per second there is a slight 
falling off in the size of the potential as stimulation continues (fig. la, 4c). This 
tendency is accentuated as the frequency is increased, but up to 60 per second, 
the size of the potential rarely falls to below 70 per cent of the initial response 
during a one-second tetanus. When pairs of stimuli are applied at varying inter- 
vals, there is usually no significant difference between the size of the two poten- 
tials recorded. Potentials separated by less than 8 milliseconds cannot be meas- 
ured due to overlap. 

In an animal showing muscle weakness due to Botulinus toxin, the size of the 
action potentials is smaller than normal, varying between three and six milli- 
volts. In addition, the response to a tetanus shows a qualitative difference from 
normal, for during continued high frequency stimulation the size of the poten- 
tial tends to increase rather than to decrease and it falls below its initial value 
only after prolonged stimulation at frequencies above 40 per second (fig. lb, 
4b). Under these conditions, the maximum potential may be as much as 50 
per cent greater than the initial response. When pairs of stimuli are applied, the 
response to the second is found to be greater than that to the first (fig. 2). This 
potentiating effect of one response upon subsequent ones lasts up to 300 millisec., 
after which the two responses of a pair are again equal in size. 

’ The analogy of this state of restricted weakness to “local tetanus” is obvious. How- 
ever, the analogy is quite incomplete, since muscle fibrillation, which is active in tetanus 
(6), could not be demonstrated in the Botulinus-poisoned muscle when explored with a 
needle electrode. 
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These effects of botulism were observed in animals suffering from systemic 
poisoning or in locally poisoned muscle. There was no difference in the action 
potential studies in the two. 

In anew of the conclusions of other investigators that the action of Botulinus 
toxin is similar to that of curare, several studies were made of the action of cur- 
arino on the guinea pig in order to compare the resulting abnormality with tho 
effect of botulism. Tlio outstanding feature of the response following this drug in 
the guinea pig, ns in other animals, is the rapid failing off of the size of the po- 
tentials during continued stimulaton (fig. le, 4a). This is tho first observable 
effect of curarine, and it develops some lime before paralysis occurs. Tho de- 
cline in the size of tho potentials usually begins after the first response, but in 
some cases, especially ivith small doses of curarine, there occurs during the first 
three of four responses an increase in size, which is then in turn followed by rapid 
fall to a lower level. Study of the responses to pairs of stimuli (fig. 2) gives fur- 
ther evidence of c-arl)’ potentiation and a later depression. If the second stimulus 

Urnmmmmmimmiiimi-j. 

Illlllllllimimmiiniimiii .. _ 




Fio. 1. Action potentials recorded from tibialis anticus during supm^ranximnl stimula* 
tion of sciatic nerve at 40 per second, (a) Normal guinea pig. (b) Guinea pig four daj's 
after intrapcritoncal injection of one MLD Botulinus toxin, (c) Normal guinea pig after 
intr.'ivcnous injection of 0.1 mgtn. curarine. Tirao~-l/6 second. 

is set up after 70 milliseconds, its response is smaller than that to the first stimu- 
lus. This depression becomes increasingly greater for about 500 milliseconds, 
after which the second response gradually approaches the first in size. Some de- 
pression may be observed, however, for ns long as two seconds after a single re- 
sponse. With large doses of curarine, the depression is more marked and develops 
earlier, so that potentiation is not obscn'cd. Under these conditions, the second 
response of a pair is alwaj’s smaller than tlie first regardless of the interval be- 
tween the stimuli. These responses after curarine are similar to those reported 
by Brown (5) in the cat and Harvey et ol, (7) in the human. 

The muscle action potentials of animals poisoned wth Botulinus toxin show, 
therefore, some similarities to those obtained during curarization, but also certain 
difTercnccs. In each case tho potentials are diminished in size and in each an early 
potentiation occurs during stimulation. The differences are, however, more 
marked than the similarities. The long-lasting depression of curarization is com- 
pletely absent in botulism, and the decline in size of the action potentials which 
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follows the early potentiation of curarization is lacking in the records of Botuli- 
nus poisoning. For these reasons, it seems likely that the fundamental disturb- 
ance is different in the two conditions. 

As a further check on this conclusion, we examined on animals with botulism 
the effect of drugs which are antagonistic to curare. A drug which has been 
shown to have a strildng antagonistic effect to curare is neostigmine (Prostig- 
nain). In an animal showing mild curare poisoning, the administration of Pro- 
stigmin causes a great increase in the size of the muscle action potential. Fig. 3b 
shows the electromyogram of a muscle poisoned with Botulinus toxin. After 



Fig. 2. Chart showing relation between size of second response (plotted as per cent of 
the first) and interval between stimuli applied to the nerve. Solid dots, normal guinea pig 
after 0.1 mgm. curarine. Circles, guinea pig four days after intraperitoneal injection of 
one MLD Botulinus to:dn. 

small doses of Prostigmin (Fig. 3c) there is a very slight increase in the size of 
the action potential (amounting to about 10 per cent). Larger doses produce the 
typical Prostigmin depression without further increasing the size of the poten- 
tial. The small increase in size of the action potential following the injection of 
Prostigmin is insignificant in relation to the normal action potential recorded 
from the other leg of the same animal. These findings, so different from those 
observed in curarized animals, provide further evidence of a marked difference 
between curarization and botulism. Similar negative results were obtained with 
potassium chloride and with guanidine. In a single guinea pig ■with botulism, the 
intravenous injection of potassium chloride in amounts sufficient to produce car- 
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dine nrrest failed to cause any cliange in the clcctromyograra. A similar negative 
result was olitained with guanidine. 

Tlie condition in whicli the action potentials bear tlie greatest resemblance to 
tliose of botulism is low ciilcium tetany. Brown and Harvey (8) showed that 
muscle potentials in animals on a low calcium diet show a progressive increase in 
size during repetitive stimulation. This potentiating elTcct lasts as long as 0.2 
seconds without evidence of depression. This cfTcct of low calcium is readily 
reversed by the intravenous administration of calcium salts. In order to deter- 
mine whether the botulism cITcct can be attributed to low calcium, the effect of 
the administration of calcium chloride was determined. However, it was found 
that the intravenous injection of calcium chloride in doses up to 0.5 gm. failed 




Flo. 3. Action potential recorded from tibialis nnticus during supra-maximal stimula- 
tion of sciatic nerve at 40 per second. Kitten, (1 kgm.) received two MLI> (guinea pig). 
Botulinus "B" toxin through tlirce intramuscular injections in the right tibialis anticus 
four daj*s prior to test, (a) Left (normal) leg. (b) Right (poisoned) leg. (c) Right leg ten 
minutes after intravenous injection of 0.1 mgm. Prostigmin and 1 mgm. atropine sulphate. 
Time — 1.0 seconds. Calibration — 10 millivolts. 

to produce any change in the muscle action potential in the Botulinus-poisoned 
guinea pig. 

These studies indicate that the paralysis in botulism differs from several con- 
ditions in which involvement of the ncuro-muscular junction is a prominent fea- 
ture. It, therefore, seemed desirable to re-examine the previously reported ob- 
servations, that the basis of this paralysis is purely junctional. 

In order to determine the extent to which actual loss of muscle contractility 
might bo a factor in the paralysis, a comparison was made between the response 
to direct stimulation of a locally poisoned muscle and that of the unaffected con- 
tralateral muscle of the same animal. 

For this o.xpcriment, muselo tension, ns well as the eleetromyogram, was 
recorded and stimulation was either direct or indirect. The technique was similar 
to that previously described, except that the tendon of the anterior tibial mus- 
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do was faslenDd to an isomotrio myograph lever, activating a mirror recording 
device. Indirect stimulation was through the sciatic nerve, as described above. 
Direct stimulation was carried out through the belly-to-tendon leads previously 
used for recording. Table 1 gives the results of such on experiment. It will be 
obser\'cd that the action potential and the tension developed on stimulation of 
the ncr\'o were onl3' one-fourth as great in the poisoned muscle ns thej’ were in 
the normal. On direct stimulation of the muscle, the contraction obtained was 
two-thirds of the normal. These results suggest that in addition to the neuro- 
miLscular block there is also an actual disturbance of muscle contractility in the 
poisoned muscle. 

Discussion. The c.xporimcnts cited above indicate that although a failure of 
ncuro-muscular conduction is a feature of both botulism and curarization, there 
is a marked difference between the two conditions. Tlie form of the electromyo- 
gram is different, the response to Prostigmin is different, and in botulism there 
is a diminution in the response to direct stimulation of the muscle which is not 
observed in curarization. It is evident that the action of Botulinus toxin is more 


TABLE 1 

Responses of norotol Ofu/ holulinuo -poisoned muscle to direct and indirect stimulations 



TCVnOM OtAltS 

AcnoH wiimAt 
laun'otTs 

Kormal muscle 



Indirect etimulAtion . • . 

2050 

43.6 

Direct stimulntion. 

j 2050 


Botulinus'poisoncd muscle 



Indirect stimulation . ■ 

420 

D.C 

Direct stimulation. . - ... • 

1400 



wide-spread than that of curare. The experiments were undertaken in the hope 
that Prostigmin mi^t prove a useful therapeutic agent in botulism, but the 
results indicate that this is not the case. 

Although it is clear that the electromyogram in botulism differs from that in 
curarization, we have not established the factors which determine this difference. 
It would be of interest to find out what causes in botulism the progressive in- 
crease in size of the action potential during a tetanus. Records made at high 
paper speed indicate that there is a change in the form of the action potential 
during stimulation. For this reason, it is not possible to say whether the increase 
in spike height is due to an increase in the number of muscle fibers responding, 
a change in the action potential of the individual fibers, or a cliange in their tem- 
poral dispersion. 


sumuahy and conclusions 

1) The effect of Botulinus toxin on the electromyogram of the guinea pig and 
the cat has been studied. 
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2) The muscle action potential of a poisoned muscle is smaller than the 
normal. It shows a progressive increase in size during a tetanus. 

3) The effect of Botulinus toxin differs from that of curare in the form of the 
electromyogram, the failure of Prostigmin to reverse its action, and the failure 
of the muscle to respond normally on direct stimulation. 

4) The electromyogram observed in a Botulinus-poisoned muscle resembles 
that in low calcium tetany, but the effect is not reversed by intravenous injec- 
tions of calcium chloride. 

5) A condition of “local botulism”, suggestive of “local tetanus”, may be 
produced by the intramuscular injection of the toxin. However, the muscle is 
flaccid rather than rigid, and no fibrillation is observed. 

6) There is no indication that Prostigmin is a useful therapeutic agent in com- 
bating muscle wealmess in botulism. Potassium and guanidine are also without 
beneficial effect. 
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